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Foreword 


The Soil Survey of Allen County, Kansas, contains much information use- 
ful in any land-planning program. Of prime importance are the predictions of 
soil behavior for selected land uses. Also highlighted are limitations or hazards 
to land uses that are inherent in the soil, improvements needed to overcome 
these limitations, and the impact that selected land uses will have on the en- 
vironment. 

This soil survey has been prepared for many different users. Farmers, 
ranchers, foresters, and agronomists can use it to determine the potential of 
the soil and the management practices required for food and fiber production. 
Planners, community officials, engineers, developers, builders, and homebuyers 
can use it to plan land use, select sites for construction, develop soil resources, 
or identify any special practices that may be needed to insure proper’ per- 
formance. Conservationists, teachers, students, and specialists in recreation, 
wildlife management, waste disposal, and pollution control can use the soil sur- 
vey to help them understand, protect, and enhance the environment. 

Many people assume that soils are all more or less alike. They are 
unaware that great differences in soil properties can occur even within short 
distances. Soils may be seasonally wet or subject to flooding. They may be 
shallow to bedrock. They may be too unstable to be used as a foundation for 
buildings or roads. Very clayey or wet soils are poorly suited to septic tank ab- 
sorption fields. A high water table makes a soil poorly suited to basements or 
underground installations. 

These and many other soil properties that affect land use are described in 
this soil survey. Broad areas of soils are shown on the general soil map; the lo- 
cation of each kind of soil is shown on detailed soil maps. Each kind of soil in 
the survey area is described, and much information is given about each soil for 
specific uses. Additional information or assistance in using this publication can 
be obtained from the local office of the Soil Conservation Service or the 
Cooperative Extension Service. 

We believe that this soil survey can help bring us a better environment 
and a better life. Its widespread use can greatly assist us in the conservation, 
development, and productive use of our soil, water, and other resources. 


Ulebeit k hfe) 


Robert K. Griffin 
State Conservationist 
Soil Conservation Service 
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SOIL SURVEY OF ALLEN COUNTY, KANSAS 


By Edward L. Fleming, Jim R. Fortner, and Deane W. Swanson, 
Soil Conservation Service 


United States Department of Agriculture, Soil Conservation Service, 
in cooperation with Kansas Agricultural Experiment Station 


ALLEN COUNTY is in the southeastern part of Kan- 
sas (see facing page). It has a total area of 505 square 
miles, or about 323,136 acres. Iola, which is in the west- 
central part of the county, is the county seat. The popula- 
tion of the county is 15,348 (5). 

The boundaries of Allen County were designated by 
the Territorial Legislature of 1855, and the organization 
was completed in 1856. The county was named in honor of 
William Allen, ex-Governor of Ohio. The town of Iola was 
organized on January 1, 1859. 

Farming and related services are the most important 
enterprises in Allen County. According to the 1969 Cen- 
sus of Agriculture, the average farm is about 276 acres. 
About 55 percent of the acreage is cropland, 35 percent 
pasture and range, 5 percent woodland, and 5 percent 
other areas, such as urban areas and water areas. Grain 
sorghum, soybeans, wheat, and alfalfa are the main crops. 
Beef cattle is the chief kind of livestock. There are 
several dairy herds and a few hog farms. 


General nature of the county 


This section gives general information concerning the 
county. It discusses physiography, drainage, and relief; 
water supply; natural resources; climate; and farming. 


Physiography, drainage, and relief 


Allen County lies within the Osage Plains section of the 
Central Lowland physiographic province and _ the 
Cherokee Prairies land resource area. The land surface is 
dominantly nearly level to gently rolling and has few out- 
standing differences in relief (fig. 1). The surface is dis- 
sected by a number of stream valleys. - 

The Neosho River flows from north to south through 
the western part of the county in a shallow valley. The 
river and its tributaries drain all of the county but the 
eastern one-quarter, which is drained by the Little Osage 
and. Marmaton Rivers and their tributaries. The Little 
Osage and Marmaton Rivers flow in a generally easterly 
direction into Bourbon County. In Allen County the 


Neosho River has an average gradient of about 1.5 feet 
per mile. 

Elevation in most areas ranges from about 950 to 1,100 
feet above sea level. It is about 950 feet at Iola, 1,110 feet 
at Moran in the eastern part of the county, 960 feet at 
Humboldt in the southwestern part, 1,010 feet at Geneva 
in the northwestern part, and 1,058 feet at Savonburg in 
the southeastern part. 


Water supply 


The water supply in most of Allen County varies. A de- 
pendable supply of ground water is not available in many 
parts of the county. In most of the county, adequate 
drilled wells on uplands are difficult to obtain. Most suc- 
cessful wells are drilled in the shallow alluvial deposits 
along small drainageways. Yields from wells range from 1 
galion to 5 gallons per minute. 

The water supply is generally adequate in the valley of 
the Neosho River and the lower reaches of the larger 
stream valleys. Wells that yield 10 to 100 gallons per 
minute can be developed successfully in these areas. 
Smaller streams and ground water discharged by seeps 
and springs are sources of water, but the streams and the 
seeps and springs can dry up during prolonged periods of 
low rainfall. 

The principal source of water for livestock is surface 
water impounded by dams on intermittent streams. In 
1974, there were about 2,822 farm ponds that had an ap- 
proximate storage capacity of 25,000 acre-feet of water. 

Rural water districts supply water to farmers in most 
areas of the county. 


Natural resources 


Soil is the most important natural resource in the coun- 
ty. Crops produced on farms and livestock that graze the 
grassland are marketable products affected by the soil. 

Other mineral resources are oil and gas, limestone, sand 
and gravel, and shale. The limestone is quarried for ce- 
ment, road material, riprap, subgrade, and embankment 
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material. The sand and gravel deposits are restricted to 
the valleys of the major streams and to areas of Olpe 
soils, 8 to 15 percent slopes. The shale is used in the 
manufacture of brick. 


Climate 


By L. DEAN BaRK, climatologist, Kansas Agricultural Experiment 
Station, Manhattan, Kans. 


The climate of Allen County is typical continental, as 
would be expected of a location in the interior of a large 
land mass in the middle latitudes. Such a climate is 
characterized by large diurnal and annual variations in 
temperature. Allen County is far enough east to be out of 
the rain shadow of the Rocky Mountains and in the path 
of the moisture-laden air currents from the Gulf of Mex- 
ico. Precipitation is heaviest late in spring and early in 
summer. Most of it falls late in the evening, or as 
nighttime thunderstorms. Although prolonged dry periods 
occur during the growing season, they are not so frequent 
as in western Kansas. A surplus of precipitation often 
produces muddy fields that delay planting and harvesting. 

Table 1 provides data on temperature and precipitation 
for Allen County, as recorded at Iola for the period 1941 
to 1970 (4). Table 2 shows the probable dates of the first 
freeze in fall and the last freeze in spring (3). Table 3 pro- 
vides data on the length of the growing season. 

In winter, the average temperature is 56.6 degrees F 
and the average daily minimum is 45.5 degrees. The 
lowest temperature on record, which occurred at Iola on 
January 30, 1949, is 20 degrees below zero. In summer, 
the average temperature is 77.4 degrees and the average 
daily maximum is 88.3 degrees. The highest temperature, 
which was recorded on July 18, 1954, is 115 degrees. 

The annual precipitation is 36.45 inches. Of this total, 
26.41 inches, or 72 percent, usually falls during the period 
April through September, which includes the growing 
season for most crops. During 2 years in 10, the April- 
September rainfall is less than 19.16 inches. The heaviest 
1-day rainfall during the period of record was 6.78 inches 
at Iola on September 12, 1926. 

The average annual snowfall is 12.1 inches. The winters 
with the greatest total snowfall were 1911-12 and 1955-56, 
when 35.7 inches of snow was recorded. In an average 
year, 15 days have at least 1 inch of snow on the ground, 
but the number of days varies greatly from year to year. 
Snow cover seldom remains on the ground for more than 
a day or two. In January and February of 1956, however, 
there was snow on the ground continuously for over 3 
weeks. 

The average relative humidity at midafternoon in 
spring is less than 65 percent. During the rest of the 
year, it is about 55 percent. Humidity is higher at night in 
all seasons and averages about 80 percent at dawn. The 
average percentage of possible sunshine is 75 in summer 
and 55 in winter. The prevailing wind direction is usually 
southerly, but is northerly during February. The average 
annual windspeed is 12 miles per hour. The windspeed is 
highest in March and April. 


Tornadoes and severe thunderstorms occur occasionally 
in Allen County. These storms are usually local in extent 
and of short duration so that the risk of damage is small. 
Hail occurs infrequently during the warmer part of the 
year. It is local in extent. Crop damage by hail is less in 
this part of the State than in western Kansas. 


Farming 


Farming has developed in Allen County through the 
raising of livestock, mainly beef cattle, and the growing of 
cash crops. The main crops are soybeans, grain sorghum, 
and wheat. Forage sorghum and alfalfa are also grown. In 
1973, about 61,000 acres of soybeans, 20,000 acres of grain 
sorghum, 18,000 acres of wheat, and 12,000 acres of corn 
were harvested. These acreages fluctuate from year to 
year according to market prices. In 1973, about 12,000 
acres of alfalfa, 17,000 acres of native hay, and 20,000 
acres of tall fescue were harvested (6). 

Beef cattle outnumber other kinds of livestock. There 
are several dairy herds and a few small hog farms. The 
number of sheep and chickens fluctuates from year to 
year. 


How this survey was made 


Soil scientists made this survey to learn what kinds of 
soil are in the survey area, where they are, and how they 
can be used. The soil scientists went into the area know- 
ing they likely would locate many soils they already knew 
something about and perhaps identify some they had 
never seen before. They observed the steepness, length, 
and shape of slopes; the size of streams and the general 
pattern of drainage; the kinds of native plants or crops; 
the kinds of rock; and many facts about the soils. They 
dug many holes to expose soil profiles. A profile is the 
sequence of natural layers, or horizons, in a soil; it ex- 
tends from the surface down into the parent material, 
which has been changed very little by leaching or by the 
action of plant roots. 

The soil scientists recorded the characteristics of the 
profiles they studied, and they compared those profiles 
with others in counties nearby and in places more distant. 
Thus, through correlation, they classified and named the 
soils according to nationwide, uniform procedures. The 
soil series and the soil phase are the categories of soil 
classification most used in a local survey. 

Soils that have profiles almost alike make up a soil se- 
ries. Except for different texture in the surface layer, all: 
the soils of one series have major horizons that are 
similar in thickness, arrangement, and other important 
characteristics. Soil series commonly are named for towns 
or other geographic features near the place where they 
were first observed and mapped. Dennis and Woodson, 
for example, are the names of two soil series. All the soils 
in the United States having the same series name are es- 
sentially alike in characteristics. 
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Soils of. one series can differ in texture of the surface 
layer and in slope, stoniness, or some other characteristic 
that affects use of the soils by man. On the basis of such 
differences, a soil series is divided into phases. The name 
of a_soil phase indicates a feature that affects manage- 
ment. For example, Bates loam, 1 to 4 percent slopes, is 
one of several phases within the Bates series. 

After a guide for classifying and naming the soils was 
worked out, the soil scientists drew the boundaries of the 
individual soils on aerial photographs. These photographs 
show woodlands, buildings, field borders, roads, and other 
details that help in drawing boundaries accurately. The 
soil map at the back of this publication was prepared 
from aerial photographs. 

The areas shown on a soil map are called soil mapping 
units. Some mapping units are made up of ore kind of 
soil, others are made up of two or more kinds of soil, and 
a few have little or no soil material at all. Mapping units 
are discussed in the section “Soil maps for detailed 
planning.” 

While a soil survey is in progress, samples of soils are 
taken as needed for laboratory measurements and for en- 
gineering tests. The soils are field tested, and their in- 
terpretations are modified as necessary during the course 
of the survey. New interpretations are added to meet 
local needs, mainly through field observations of different 
kinds of soil in different uses under different levels of 
management. Also, data are assembled from other 
sources, such as test results, records, field experience, and 
information available from State and local specialists. For 
example, data on crop yields under defined practices are 
assembled from farm records and from field or plot ex- 
periments on the same kinds of soil. 

But only part of a soil survey is done when the soils 
have been named, described, interpreted, and delineated 
on aerial photographs and when the laboratory data and 
other data have been assembled. The mass of detailed in- 
formation then needs to be organized so that it is readily 
useful to different groups of users, among them farmers, 
managers of rangeland and woodland, engineers, planners, 
developers and builders, homebuyers, and those seeking 
recreation. , 


General soil map for broad land-use 
planning 


The general soil map at the back of this publication 
shows, in color, the soil units for broad land-use.planning 
described in this survey. Each soil unit is a unique natural 
landscape that has a distinct pattern of soils and of relief 
and drainage features. A unit typically consists of one or 
more soils of major extent and some soils of minor extent. 
It is named for the major soils. The kinds of soil in one 
unit can occur in other soil units, but in a different pat- 
tern. 

The map provides a broad perspective of the soils and 
landscapes in the survey area. It provides a basis for 


comparing the potential of large areas for general kinds 
of land use. Areas that are generally suitable for certain 
kinds of farming or other land uses can be identified on 
the map. Likewise, areas of soils having properties that 
are distinctly unfavorable for certain land uses can be 
located. 

Because of its small scale, the map does not show the 
kind of soil at a specific site. Thus, it is not suitable for 
planning the management of a farm or field or for select- 
ing a site for a road or building or other structure; the 
kinds of soils in any one soil unit, ordinarily differ from 
place to place in slope, depth, stoniness, drainage, or other 
characteristics that affect their management. 


1. Kenoma-Woodson-Dennis 


Deep, nearly level to gently sloping, moderately well 
drained and somewhat poorly drained soils that have a 
dominantly silty clay subsoil; on uplands 


This unit is on broad ridgetops and long side slopes 
that are dissected by shallow drainageways. The land- 
scape is nearly level to gently sloping. This unit consists 
of the claypan areas of the county. 

This unit occupies about 37 percent of the county. It is 
about 38 percent Kenoma soils, 24 percent Woodson soils, 
10 percent Dennis soils, and 28 percent minor soils (fig. 2). 

Kenoma soils are on ridgetops. They are nearly level to 
gently sloping and are moderately well drained. The sur- 
face layer typically is very dark gray silt loam about 8 
inches thick. It rests abruptly on a silty clay subsoil. The 
upper part of the subsoil is very dark grayish brown, and 
the lower part to a depth of more than 60 inches is mixed 
strong brown and gray. 

Woodson soils are in broad, nearly level areas. They are 
somewhat poorly drained. The surface layer typically is 
very dark gray silt loam about 8 inches thick. It rests 
abruptly on a very firm silty clay subsoil. The upper part 
of the subsoil is very dark gray, and the lower part to a 
depth of more than 60 inches is gray. 

Dennis soils are on low knolls and gentle side slopes. 
They are nearly level to gently sloping and are moderate- 
ly well drained. The surface layer typically is very dark 
brown silt loam about 10 inches thick. The subsoil is more 
than 50 inches thick. It is dark brown silty clay loam and 
silty clay in the upper part and brown and light brownish 
gray silty clay in the lower part. 

Of minor extent in this unit are Catoosa, Verdigris, and 
Zaar soils. The silty Verdigris soils occupy the nearly 


level flood plains of narrow drainageways. The clayey 


Zaar soils are on gentle foot slopes and in swales and con- 
cave drainageways. The nearly level silty Catoosa soils 
are on ridgetops throughout the unit. 

Most of this unit is cultivated. Some areas are used for 
hay and range. All locally suited crops are grown. The lar- 
gest acreage is planted to wheat, grain sorghum, and 
soybeans. 

The main concerns of management are improving 
drainage, controlling water erosion, and maintaining tilth 
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and fertility. In some years seasonal wetness or droughti- 
ness may affect crop production. 


2. Catoosa-Kenoma-Zaar 


Moderately deep and deep, nearly level to moderately 
sloping, well drained to somewhat poorly drained soils 
that have a silty clay loam and silty clay subsoil; on 
uplands 


This unit is along drainageways and on ridgetops. The 
landscape is dominantly nearly level to moderately slop- 
ing, but is steeper along the few large drainageways dis- 
secting the unit. The steeper slopes generally are short. 

This unit occupies about 35 percent of the county. It is 
about 37 percent Catoosa soils, 20 percent Kenoma soils, 
15 percent Zaar soils, and 28 percent minor soils (fig. 3). 

Catoosa soils are on ridgetops and side slopes. They are 
moderately deep, nearly level to moderately sloping, and 
well drained. The surface layer typically is dark reddish 
brown silt loam about 11 inches thick. The subsoil is dark 
reddish brown silty clay loam. Hard limestone is at a 
depth of about 27 inches. 

Kenoma soils are on ridgetops. They are deep, gently 
sloping, and moderately well drained. The surface layer 
typically is very dark gray silt loam about 8 inches thick. 
It rests abruptly on a silty clay subsoil. The upper part of 
the subsoil is very dark grayish brown, and the lower 


part to a depth of more than 60 inches is mixed strong. 


brown and gray. 

Zaar soils are along drainageways and on low slopes 
below Catoosa soils. They are deep, gently sloping to 
moderately sloping, and somewhat poorly drained. The 
surface layer typically is black silty clay about 18 inches 
thick. The subsoil is silty clay. The upper part is black 
and very dark grayish brown, and the lower part is dark 
brown. The underlying material is olive brown and dark 
yellowish brown silty clay. 

Of minor extent in this unit are Dennis, Eram, Mason, 
Nowata, Olpe, and Verdigris soils. The gently sloping to 
moderately sloping Dennis soils are on side slopes 
throughout the unit. The gently sloping to moderately 
sloping Eram soils are on low hills and side slopes. The 
nearly level silty Verdigris soils occupy the flood plains of 
narrow drainageways. The nearly level Mason soils are on 
terraces along streams. The moderately sloping Nowata 
soils are on the valley sides along the Marmaton River 
and Big Creek. The moderately sloping to strongly slop- 
ing Olpe soils are on low hills and side slopes in the 
northwestern part of the county. 

About half of this unit is cultivated. The more sloping 
or stony soils are used for range. Deciduous trees grow 
along most of the larger drainageways and streams. All 
locally suited crops are grown. The largest acreage is 
planted to wheat, grain sorghum, soybeans, and corn. 

The main concerns of management are controlling 
water erosion, improving drainage, and maintaining tilth 
and fertility. Good range management is needed if this 
unit is used for range. Invasion of brush, trees, and weeds 
is a problem. 


3. Bates-Dennis-Kenoma 


Moderately deep and deep, gently sloping to moderately 
sloping, moderately well drained and well drained soils 
that have a dominantly silty clay and clay loam subsoil; 
on uplands 


This unit is on low hills and ridgetops and along 
drainageways. The landscape is gently sloping to 
moderately sloping. 

This unit occupies about 21 percent of the county. It is 
about 20 percent Bates soils, 17 percent Dennis soils, 15 
percent Kenoma soils, and 48 percent minor soils (fig. 4). 

Bates soils are gently sloping on ridgetops and 
moderately sloping on side slopes. They are moderately 
deep and well drained. The surface layer typically is very 
dark brown loam about 10 inches thick. The subsoil is 
about 22 inches thick. The upper part is very dark gray- 
ish brown loam, and the lower part is dark brown clay 
loam. Soft sandstone and shale are at a depth of 32 
inches. 

Dennis soils are gently sloping on ridgetops and gently 
sloping to moderately sloping on side slopes. They are 
deep and moderately well drained. The surface layer typi- 
cally is very dark brown silt loam about 10 inches thick. 
The subsoil is more than 50 inches thick. The upper part 
is dark brown silty clay.loam and silty clay, and the lower 
part is brown and light brownish gray silty clay. 

Kenoma soils are on ridgetops. They are deep, gently 
sloping, and moderately well drained. The surface layer 
typically is very dark gray silt loam about 8 inches thick. 
It rests abruptly on a silty clay subsoil. The subsoil ex- 
tends to a depth of more than 60 inches. The upper part 
is very dark grayish brown, and the lower part is mixed 
strong brown and gray. 

Of minor extent in this unit are Catoosa, Collinsville, 
Nowata, Verdigris, and Zaar soils. The nearly level and 
moderately sloping silty Catoosa and Nowata soils are on 
ridgetops and side slopes throughout the unit. The loamy 
Collinsville soils are on low hills and side slopes. They are 
moderately sloping to strongly sloping. The nearly level 
silty Verdigris soils occupy the flood plains of narrow 
drainageways. The gently sloping clayey Zaar soils are on 
foot slopes and in swales and concave drainageways. 

Most of this unit is cultivated. Some areas are used for 
hay and range. All locally suited crops are grown. The lar- 
gest acreage is planted to wheat, grain sorghum, and 
soybeans. 

The main concerns of management are controlling 
water erosion, improving drainage, and maintaining tilth 
and fertility. In some years seasonal wetness or droughti- 
ness affects crop production. 


4. Verdigris-Osage-Mason 


Deep, nearly level, well drained, moderately well drained, 
and poorly drained soils that have a silt loam to silty 
clay subsoil; on flood plains and low stream terraces 
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This unit is on stream terraces and flood plains along 
the Neosho River and the larger streams in the county. 
Except for abandoned stream channels and low narrow 
benches adjacent to the active stream, the landscape is 
nearly level. 

This unit occupies about 7 percent of the county. It is 
about 48 percent Verdigris soils, 35 percent Osage soils, 
18 percent Mason soils, and 4 percent minor soils (fig. 5). 

Verdigris soils are nearly level and moderately well 
drained. The surface layer typically is very dark grayish 
brown silt loam about 28 inches thick. Below this to a 
depth of more than 60 inches is very dark grayish brown 
and very dark brown silt loam. 

Osage soils are nearly level to slightly concave and are 
poorly drained. The surface layer typically is very dark 
gray silty clay loam or black silty clay about 26 inches 
thick. Below this to a depth of more than 60 inches is 
very dark gray silty clay. 

Mason soils are nearly level and well drained. The sur- 
face layer typically is very dark brown silt loam about 17 
inches thick. The subsoil is very dark grayish brown silty 
clay loam about 28 inches thick. The underlying material 
to a depth of more than 60 inches is dark grayish brown 
silty clay loam. 

Of minor extent in this unit are Leanna soils, which are 
in a few scattered nearly level areas throughout the unit. 
Dennis, Kenoma, and Woodson soils occupy adjoining 
uplands. They are deep silty soils in nearly level and 
gently sloping areas. 

Nearly all of this unit is cultivated. A few small areas 
are in woodland and native grass. All locally suited crops 
are grown. The largest acreage is planted to corn, 
soybeans, grain sorghum, and wheat. 

The main concerns of management are controlling 
flooding and maintaining good tilth and fertility. Surface 
drainage is a problem on Osage soils. 


Soil maps for detailed planning 


The kinds of soil (mapping units) shown on the detailed 
soil maps at the back of this publication are described in 
this section. The descriptions together with the soil maps 
can be useful in determining the potential of a soil and in 
managing it for food and fiber production; in planning 
land use and developing soil resources; and in enhancing, 
protecting, and preserving the environment. More infor- 
mation for each soil is given in the section “Use and 
management of the soils.” 

Preceding the name of each mapping unit is the symbol 
that identifies the unit on the detailed soil map. Hach 
mapping unit description includes general facts about the 
soil and a brief description of the soil profile. In each 
description, the principal hazards and limitations are in- 
dicated and the management concerns and _ practices 
needed are discussed. 

A mapping unit represents an area on the landscape 
and consists mostly of the soil or soils for which the unit 


is named. Most mapping units have one dominant soil, but 
some have two or more dominant soils. A mapping unit 
commonly includes small, scattered areas of other soils. 
The properties of some included soils can differ substan- 
tially from those of the dominant soil or soils and thus 
greatly influence the use of the dominant soil. How the 
included soils may affect the use and management of the 
mapping unit is discussed. 

Most mapped areas include places that have little or no 
soil material and support little or no vegetation. Such 
places are called miscellaneous areas; they are delineated 
on the soil map and given descriptive names. Quarry is an 
example. Some of these areas are too small to be 
delineated and are identified by a special symbol on the 
soil map. 

The acreage and proportionate extent of each mapping 
unit are given in table 4, and additional information on 
properties, limitations, capabilities, and potentials for 
many soil uses is given for each kind of soil in other ta- 
bles in this survey. (See “Summary of Tables.”) Many of 
the terms used in describing soils are defined in the Glos- 


sary. 
Soil descriptions 


Ba—Bates loam, 1 to 4 percent slopes. This gently 
sloping, well drained soil is on ridgetops and side slopes. 
It occurs as long, irregularly shaped areas. Areas range 
from 20 to 200 acres in size. 

Typically, the surface layer is very dark brown loam 
about 10 inches thick (fig. 6). The subsoil is about 22 
inches thick. The upper part is very dark grayish brown, 
friable heavy loam, and the lower part is dark brown, 
firm and friable clay loam. Interbedded sandstone and 
shale is at a depth of 32 inches. In some’ places the subsoil 
contains many sandstone fragments. In some the surface 
layer is silt loam or fine sandy loam. 

Included with this soil in mapping are small intermin- 
gled areas of Collinsville, Eram, and Dennis soils. The 
Collinsville soil is underlain by sandstone bedrock within 
a depth of 20 inches. It occupies the higher convex areas. 
The Eram and Dennis soils have a silty surface layer and 
a clayey subsoil. They commonly are on foot slopes. Also 
included are a few eroded spots where the surface layer 
is clay loam and a few areas that are cut by shallow gul- 
lies. Included areas range from 2 to 4 acres in size and 
make up about 10 to 15 percent of the mapping unit. 

Permeability and available water capacity are 
moderate. Runoff is medium. The surface layer is friable, 
and tilth is good. The shrink-swell potential is low to 
moderate. The depth of the root zone, which is less than 
40 inches, averages about 32 inches. In most unlimed 
areas, the surface layer and subsoil are strongly acid. 

This soil has good potential for crops, native grass, and 
tame pasture. About half the acreage is cultivated. The 
potential for recreation and wildlife is good, but the 
potential for engineering uses is only fair. 
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Locally grown crops are suited. Grain sorghum, wheat, 
and soybeans are the most common crops. If this soil is 
cultivated under poor management, water erosion and soil 
blowing can be problems. Increasing the content of or- 
ganic matter and maintaining tilth are also concerns. Con- 
servation practices, such as crop residue management, 
terracing, and contour farming, help control erosion in 
cultivated areas. 

If this soil is used for native range, good range 
management, including control of undesirable plants that 
compete with native grasses, is needed. Under prolonged 
overgrazing, desirable tall grasses decrease and short 
grasses, woody plants, weeds, and trees increase. Range 
seeding is needed to restore productivity on abandoned 
cropland. If the soil is used for tame pasture, fertilization, 
proper stocking, rotation grazing, and a timely season of 
use are needed to maintain and increase forage produc- 
tion. 

This soil is moderately limited for building site develop- 
ment because of the moderate shrink-swell potential. The 
harmful effects of shrinking and swelling can be reduced 
by insulating foundations and pavements with a suitable 
intervening layer of sand or gravel. For houses built on 
slab foundations, these harmful effects can be reduced by 
a 12- to 18-ineh base of crushed rock well below the depth 
of seasonal expansion. Seasonal wetness can be reduced 
by foundation drains of tile surrounded by a sand filter. 

This soil is severely limited for septic tank absorption 
fields because of the depth to sandstone. Increasing the 
size of the absorption field can improve the functioning of 
septic tank systems. This soil is severely limited for 
sewage lagoons because of the depth to rock. Small 
lagoons can be constructed by the use of embankments. 
Capability unit IIe-1; Loamy Upland range site. 

Bb—Bates loam, 4 to 7 percent slopes. This moderate- 
ly sloping, well drained soil is on narrow ridgetops and 
side slopes. It occupies long, irregularly shaped areas and 
isolated low hills. Areas range from 20 to 150 acres in 
size. 

Typically, the surface layer is very dark brown loam 
about 8 inches thick. The subsoil is about 22 inches thick. 
The upper part is very dark grayish brown, friable loam, 
and the lower part is dark brown, firm and friable clay 
loam. Interbedded soft sandstone and sandy shale are at a 
depth of 32 inches. In some places the subsoil contains 
many sandstone fragments. In some the surface layer is 
silt loam. 

Included with this soil in mapping are small intermin- 
gled areas of Collinsville, Eram, and Dennis soils. The 
Collinsville soil is underlain by sandstone bedrock within 
a depth of 20 inches. It occurs on the steeper parts of the 
landscape. The Eram and Dennis soils have a silty surface 
layer and a silty clay subsoil. They are commonly on foot 
slopes. Also included are a few eroded spots where the 
surface layer is clay loam and a few small areas that are 
cut by shallow gullies. Included areas range from 1 acre 
to 3 acres in size and make up about 10 to 15 percent of 
this mapping unit. 


Permeability and available water capacity are 
moderate. Runoff is rapid. The surface layer is friable, 
and tilth is good. The shrink-swell potential is low to 
moderate. The depth of the root zone, which is less than 
40 inches, averages about 32 inches. In most unlimed 
areas, the surface layer and subsoil are strongly acid. 

This soil has good potential for crops, native grass, and 
tame pasture. About half the acreage is cultivated. The 
potential for recreation and wildlife is good, but the 
potential for engineering uses is only fair. 

Locally grown crops are suited. Grain sorghum, wheat, 
and soybeans are the most common crops. If the soil is 
cultivated under poor management, water erosion and soil 
blowing can be problems. The hazard of erosion is 
moderate. Increasing the content of organic matter and 
maintaining tilth are also concerns. Conservation prac- 
tices, such as crop residue management, terracing, and 
contour farming, help control erosion in cultivated areas. 

Native grass and tame pasture are also suited. If this 
soil is used for native range, good range. management, in- 
cluding control of undesirable plants that compete with 
native grasses, is needed. Under prolonged overgrazing, 
desirable tall grasses decrease and short grasses, woody 
plants, weeds, and trees increase. Range seeding is 
needed to restore productivity on abandoned cropland. If 
the soil is used for tame pasture, fertilization, proper 
stocking, rotation grazing, and a timely season of use are 
needed to maintain and increase forage production. 

This soil is moderately limited for building site develop- 
ment because of the moderate shrink-swell potential. The 
harmful effects of shrinking and swelling can be reduced 
by insulating foundations and pavements with a suitable 
intervening layer of sand or gravel. For houses built on 
slab foundations, these harmful effects can be reduced by 
a 12- to 18-inch base of crushed rock well below the depth 
of seasonal expansion. Seasonal wetness can be reduced 
by foundation drains of tile surrounded by a sand filter. 

This soil is severely limited for septic tank absorption 
fields because it is shallow over sandstone and moderate- 
ly sloping. Locating septic tank absorption fields on less 
sloping soils and increasing the size of the field can im- 
prove the functioning of septic tank systems. This soil is 
severely limited for sewage lagoons because it is shallow 
over rock and moderately sloping. If the soil is used for 
sewage lagoons, onsite investigation is needed. Small 
lagoons can be constructed by the use of embankments. 
Capability unit IIIe-1; Loamy Upland range site. 

Be—Bates loam, 2 to 7 percent slopes; eroded. This 
gently sloping to moderately sloping, well drained soil is 
mostly on side slopes. It oceurs as irregularly shaped 
areas on the upper parts of hillsides. Areas range from 10 
to 100 acres in size. 

This soil has lost most of the original surface layer 
through erosion. Typically, the surface layer is very dark 
grayish brown loam about 5 inches thick. It is uneven and 
in a few areas contains sandstone fragments. The subsoil 
is dark brown clay loam about 18 inches thick. Soft sand- 
stone and sandy shale are at a depth of 24 inches. In 
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some places the surface layer is clay loam, and in some 
the soil is thicker and deeper over sandstone than is typi- 
cal. 

Included with this soil in mapping are small intermin- 
gled areas of Collinsville, Eram, and Dennis soils. The 
Collinsville and Eram soils are generally eroded. The Col- 
linsville soil is underlain by sandstone bedrock within a 
depth of 20 inches and has a surface layer that contains 
many sandstone fragments. It occurs on the steeper parts 
of the landseape. The Dennis and Eram soils are on foot 
slopes. The Eram soil has a surface layer of heavy silty 
clay loam and a subsoil of silty clay. The Dennis soil has a 
surface layer of heavy silt loam or silty clay loam and a 
subsoil of silty clay. It is more than 60 inches deep over 
bedrock. Also included are many shallow gullies and a few 
deep gullies. Included areas range from 1 acre to 3 acres 
in size and make up about 15 percent of this mapping 
unit. 

Permeability and available water capacity are 
moderate. Runoff is rapid. The surface layer is friable, 
and tilth is poor. The shrink-swell potential is low to 
moderate. The depth of the root zone, which is less than 
40 inches, averages about 24 inches. In unlimed areas, the 
surface layer and subsoil are commonly strongly acid. 

This soil has fair potential for crops and good potential 
for native grass and tame pasture. About half the acreage 
is cultivated. The potential for recreation and wildlife is 
good, but the potential for engineering uses is only fair. 

Many areas of this soil are reverting to annual grasses 
and brush. The soil is suited to most crops grown in the 
county. It is better suited to wheat, soybeans, and grain 
sorghum than to other crops. Corn is not well suited. If 
the soil is cultivated under poor management, further ero- 
sion is the major concern. Increasing the content of or- 
ganic matter and improving tilth are also concerns. Con- 
servation practices, such as crop residue management, 
terracing, and contour farming, help control erosion in 
cultivated areas. 

Native grass and tame pasture are suited. Range seed- 
ing is needed to restore productivity on abandoned 
cropland. If this soil is used for native range, good range 
management, including control of undesirable plants that 
compete with native grasses, is needed. Under prolonged 
overgrazing, desirable tall grasses decrease and short 
grasses, woody plants, weeds, and trees increase. If the 
soil is used for tame pasture, fertilization, proper 
stocking, rotation grazing, and a timely season of use are 
needed to maintain and increase forage production. 

This soil is moderately limited for building site develop- 
ment because of the moderate shrink-swell potential. The 
harmful effects of shrinking and swelling can be reduced 
by insulating foundations and pavements with a suitable 
intervening layer of sand or gravel. For houses built on 
slab foundations, these harmful effects can be reduced by 
a 12- to 18-inch base of crushed rock well below the depth 
of seasonal expansion. Seasonal wetness can be reduced 
by foundation drains of tile surrounded by a sand filter. 


This soil is severely limited for septic tank absorption 
fields because it is shallow over sandstone and moderate- 
ly sloping. Locating septic tank absorption fields on less 
sloping soils and increasing the size of the absorption 
field can improve the functioning of septic tank systems. 
This soil is severely limited for sewage lagoons because it 
is shallow over rock and moderately sloping. If the soil is 
used for sewage lagoons, onsite investigation is needed. 
Small lagoons can be constructed by the use of embank- 
ments. Capability unit IVe-1; Loamy Upland range site. 

Ca—Catoosa silt loam, 0 to 2 percent slopes. This 
nearly level, well drained soil is on ridgetops. It occurs 
mostly as large, irregularly shaped areas and as some 
small isolated areas. Areas range from about 20 to 500 
acres in size. ; 

Typically, the surface layer is dark reddish brown, fria- 
ble silt loam about 11 inches thick. The subsoil is dark 
reddish brown, friable and firm silty clay loam about 16 
inches thick. Hard limestone is at a depth of 27 inches. In 
places depth to hard limestone is more than 40 inches. 

Included with this soil in mapping are small intermin- 
gled areas of Kenoma and Zaar soils. These soils are 
grayer than the Catoosa soil and are more than 40 inches 
deep over limestone. The Kenoma soils occupy the higher 
convex areas. The Zaar soils occupy shallow depressions 
and drainageways. These included areas range from 8 to 5 
acres in size and make up about 10 percent of this 
mapping unit. Also included are areas of rock outcrop 
that are less than half an acre in size and areas where 
depth to limestone is less than 20 inches. 

Permeability and available water capacity are 
moderate. Runoff is medium. The surface layer is friable, 
and tilth is good. The subsoil has a moderate shrink-swell 
potential. The depth of the root zone, which is less than 
40 inches, averages about 27 inches. In most unlimed 
areas, the surface layer and subsoil are medium acid or 
strongly acid. 

This soil has good potential for crops. It is subject to 
seasonal droughtiness during periods of low rainfall. It 
has good potential for native grass and tame pasture. 
Most of the acreage is cultivated. The potential for 
recreation and wildlife is good, but the potential for en- 
gineering uses is only fair. 

Locally grown crops are suited. Grain sorghum, wheat, 
and soybeans are the most common crops. If this soil is 
cultivated under poor management, water erosion and soil 
blowing can be problems. Increasing the content of or- 
ganic matter and maintaining tilth are also concerns. Con- 
servation practices, such as crop residue management, 
terracing, and contour farming, help control erosion in 
cultivated areas. 

Native grass and tame pasture are also suited. If this 
soil is used for native range, control of undesirable plants 
that compete with native grasses is needed. Under pro- 
longed overgrazing, desirable tall grasses decrease and 
short grasses, woody plants, weeds, and trees increase. 
Essential in range management are a proper degree of 
use,.a timely season of use, and a proper distribution of 
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livestock. Also, range seeding is needed to restore produc- 
tivity on abandoned cropland. If the soil is used for tame 
pasture, fertilization, proper stocking, rotation grazing, 
and a timely season of use are needed to maintain and in- 
crease forage production. 

This soil is moderately limited for building site develop- 
ment because of the moderate shrink-swell potential. 
Also, depth to limestone can be a limiting factor. Onsite 
investigation is needed to determine depth to hard 
limestone. The harmful effects of shrinking and swelling 
can be reduced by insulating foundations and pavements 
with a suitable intervening layer of sand or gravel. For 
houses built on slab foundations, these harmful effects 
can be reduced by a 12- to 18-inch base of crushed rock 
well below the depth of seasonal expansion. Seasonal wet- 
ness can be reduced by foundation drains of tile sur- 
rounded by a sand filter. 

This soil is severely limited for septic tank absorption 
fields because of the depth to hard limestone. Increasing 
the size of the absorption field can improve the function- 
ing of septic tank systems. This soil is severely limited 
for sewage lagoons because of the depth to rock. Small 
lagoons can be constructed by the use of embankments. 
Capability unit Ile-2; Loamy Upland range site. 

Cbh— Catoosa-Rock outcrop complex, 1 to 8 percent 
slopes. This mapping unit consists of gently sloping to 
moderately sloping, well drained soils and Rock outcrop. 
It is along drainageways and on low knolls. Areas of this 
unit are 45 to 60 percent Catoosa silt loam and 15 to 30 
percent Rock outcrop. They range from about 25 to 600 
acres in size. The Catoosa soil and Rock outcrop are so in- 
termingled that mapping them separately was not feasi- 
ble. 

Hard limestone rocks are exposed or are covered by a 
layer of silt loam less than 6 inches thick. Typically, the 
Catoosa soil has a surface layer of dark reddish brown 
silt loam ‘about 11 inches thick. The subsoil is dark red- 
dish brown, friable and firm silty clay loam about 16 
inches thick. Hard limestone is at a depth of 27 inches 
(fig. 7). In places depth to hard limestone is slightly more 
than 40 inches. 

Included with this unit in mapping are small intermin- 
gled areas of Eram soil. This Eram soil has a silty clay 
loam surface layer and is underlain by soft shale. It occu- 
pies side slopes where shale occurs between ledges of 
limestone outcrops. Also included are areas of bottom 
land less than 200 feet wide and small areas of moderate- 
ly steep soils. Included areas range from 3 to 5 acres in 
size and make up about 10 to 15 percent of the mapping 
unit. 

The Catoosa soil is moderately permeable. Available 
water capacity is moderate. Runoff is medium. The sub- 
soil has a moderate shrink-swell potential. The depth of 
the root zone, which is less than 40 inches, averages about 
27 inches. 

This mapping unit has poor potential for crops, ‘fair 
potential for tame pasture, and good potential for range. 
It has good potential for recreation and wildlife and poor 
potential for engineering uses. 


This mapping unit is generally not suitable for cultiva- 
tion and has limited suitability for hay and tame pasture. 
Maintaining pasture and harvesting hay are difficult 
because the rock outcrop hinders farm machinery. 

If this mapping unit is used for native range, control of 
undesirable plants that compete with native grasses is 
needed. Also essential in range management are a proper 
degree of use, a timely season of use, and a proper dis- 
tribution of livestock.. Continued heavy grazing reduces 
the plant composition to annual grasses, weeds, shrubs, 
and trees. Brush control in combination with deferred 
grazing is the best method of restoring the potential 
natural plant community because tillage is not feasible on 
this mapping unit. — 

This mapping unit is limited for building site develop- 
ment because of the hard. limestone outcrops .and the 
limestone near the surface. Also, in areas of deeper soil, 
the shrink-swell potential is moderate. Onsite investiga- 
tion is needed to determine depth over limestone. The 
harmful effects of shrinking and swelling can be reduced 
by insulating foundations and pavements with a suitable 
intervening layer of sand or gravel. 

This mapping unit is severely limited for septic tank 
absorption fields because of the depth to hard limestone. 
Increasing the size of the absorption field can improve 
the functioning of the septic tank system. This mapping 
unit is severely limited for sewage lagoons because of the 
depth to rock and the areas of Rock outcrop. Small 
lagoons can be constructed within areas of ‘deeper soil by 
the use of embankments. Capability unit VIs-1; Catoosa 
soil in Loamy Upland range site. 

Ce—Collinsville-Bates complex, 2 to 15 percent 
slopes..This mapping unit consists of gently sloping to 
strongly sloping, well drained soils on side slopes and low 
hills. It occupies long, irregularly shaped areas and iso- 
lated hills. Areas of this unit are 40 to 50 percent Collin- 
sville fine sandy loam and 35 to 45 percent Bates loam. 


‘They range from 20 to 200 acres in size. These soils are 


so intermingled that mapping them separately was not 
feasible. The Collinsville soil generally occupies the more 
sloping parts of the landscape. 

Typically, the Collinsville soil has a surface layer of 
very dark grayish brown fine sandy loam about 7 inches 
thick. The underlying material is about 8 inches thick. It 
is dark brown, friable fine sandy loam that contains a few 
small sandstone fragments. Sandstone bedrock is at a 
depth of 15 inches. In places the surface layer contains 
many sandstone rocks. 

Typically, the Bates soil has a surface layer of very 
dark brown loam about 8 inches thick. The subsoil is 
about 22 inches thick. The upper part is very dark gray- 
ish brown, friable loam, and the lower part is dark. brown, 
firm and friable clay loam. Soft sandstone and sandy 
shale are at a depth of 32 inches. In places the subsoil 
contains many sandstone fragments. 

Included with these soils in mapping are small. in- 
termingled areas of Catoosa, Dennis, and Eram soils. The 
Catoosa soils occupy the lower foot slopes. They contain 


ALLEN COUNTY, KANSAS 9 


less sand than the Collinsville and Bates soils and are 
moderately deep over limestone. The Dennis soils are on 
side slopes. They are deep over bedrock and contain less 
sand throughout the profile than the Collinsville and 
Bates soils. The Eram soils are also on foot slopes. They 
are finer textured and less well drained than Bates soils. 
Included areas range from 2 to 4 acres in size and make 
up 5 to 15 percent of the mapping unit. 

Permeability is moderately rapid in the Collinsville soil 
and moderate in the Bates soil. Runoff is rapid on both 
soils. In the Collinsville soil, the depth of the root zone, 
which is less than 20 inches, averages about 14 inches. In 
the Bates soil, the depth of the root zone, which is less 
than 40 inches, averages about 32 inches. 

This mapping unit has poor potential for crops. It has 
good potential for native range and tame pasture. Nearly 
all of the acreage is range. The potential for recreation 
and wildlife is good, but the potential for engineering 
uses is only fair. 

This mapping unit is generally not suitable for cultiva- 
tion. Its best potential use is native range, hay, or tame 
pasture. The hazard of erosion is very severe if the plant 
cover is removed. 

If this mapping unit is used for native range, control of 
undesirable plants that compete with native grasses is 
needed. Also essential in range management are a proper 
degree of use, a timely season of use, and a proper dis- 
tribution of livestock. Range seeding is needed to restore 
productivity on abandoned cropland. Continued heavy 
grazing reduces the plant composition to annual grasses, 
shrubs, and trees. Brush control in combination with 
deferred grazing is the best method of restoring the 
potential plant community. If this mapping unit is used 
for tame pasture, fertilization, proper stocking, rotation 
grazing, and a timely season of use are needed to main- 
tain and increase forage production. 

The Collinsville soil is severely limited for building site 
development. because it is shallow over rock and strongly 
sloping. The Bates soil is moderately limited for building 
site development because of the moderate shrink-swell 
potential and the depth to rock. Onsite investigation is 
needed because buildings can be constructed on the less 
sloping ‘sites. The harmful effects of shrinking and 
swelling can be reduced by insulating foundations and 
pavements with a suitable intervening layer of sand or 
gravel. 

This mapping unit is severely limited for septic tank 
absorption fields because of the depth to sandstone and 
the slope. If the soils are used for sewage absorption 
fields, there is a danger of surface seepage below the site. 
This unit is severely limited for sewage lagoons because 
of depth to rock, rapid percolation, and the slope. Onsite 
investigation is needed. Sewage disposal systems can be 
built in the less sloping areas of deeper soil. Capability 
unit Vle-1; Collinsville soil in Shallow Savannah range 
site, Bates soil in Loamy Upland range site. 

Da—Dennis silt loam, 1 to 3 percent slopes. This 
gently sloping, moderately well drained soil is along 


drainageways, on foot slopes of hillsides, and on low 
knolls. It occupies broad, irregularly shaped areas and iso- 
lated knolls. Areas range from 40 to 500 acres in size. 

Typically, the surface layer is very dark brown silt 
loam about 10 inches thick. The subsoil to a depth of more 
than 60 inches is dark brown, friable silty clay loam over 
dark brown and brown, firm silty clay and mottled brown 
and yellowish brown, firm silty clay. In places the surface 
layer rests abruptly on a firm silty clay subsoil. In a few 
eroded spots, it is silty clay loam. 

Included with this soil in mapping near Mildred, Moran, 
and Leanna are small intermingled areas of Bates soil. 
This Bates soil has a loam surface layer and a clay loam 
subsoil and is underlain by sandstone at a depth of about 
82 inches. Also included near Geneva and Petrolia are 
small areas of Olpe soil. This Olpe soil has a gravelly silt 
loam surface layer and a gravelly silty clay subsoil. These 
ineluded soils occur on the higher parts of the landscape. 
Included areas range from 2 to 4 acres in size and make 
up about 10 percent of this mapping unit. 

Permeability is slow, and available water capacity is 
high. Runoff is medium. The surface layer is friable, and 
tilth is good. The subsoil is highly plastic and has a 
moderate to high shrink-swell potential. This soil has a 
seasonal high water table that is perched 20 to 36 inches 
below the surface, generally from December through 
April. In most unlimed areas, the surface layer and sub- 
soil are strongly acid. 

This soil has good potential for crops, native range, and 
tame pasture. Most of the acreage is cultivated. The 
potential for recreation and wildlife is good, but the 
potential for engineering uses is poor. 

Locally grown crops are suited. Soybeans, grain 
sorghum, corn, and wheat are the most common crops. If 
this soil is cultivated under poor management, water ero- 
sion and soil blowing can be problems. Maintaining tilth 
and the content of organic matter are also concerns. Con- 
servation practices, such as crop residue management, 
terracing, and contour farming, help control erosion in 
cultivated areas. 

Native grasses and tame pasture are also suited. If this 
soil is used for native range, control of undesirable plants 
that. compete with native grasses is needed. Under pro- 
longed overgrazing, desirable tall grasses decrease and 
short grasses, woody plants, weeds, and trees increase. 
Essential in range management are a proper degree of 
use, a timely season of use, and a proper distribution of 
livestock. Also, range seeding is needed to restore produc- 
tivity on abandoned cropland. If this soil is-used for tame 
pasture, fertilization, proper stocking, rotation grazing, 
and a timely season of use are needed to maintain and in- 
crease forage production. 

This soil is limited for building site development 
because of the high shrink-swell potential and seasonal 
wetness. The harmful effects of shrinking and swelling 
can be reduced by insulating foundations and pavements 
with a suitable intervening layer of sand and gravel. A 
large spread footing is essential. For homes built on slab 
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foundations, the harmful effects of shrinking and swelling 
can be reduced by a 12- to 18-inch base of crushed rock 
well below the depth of seasonal expansion. For homes 
with basements, the harmful effects of shrinking and 
swelling and wetness can be reduced by proper design. 
The harmful effects of shrinking and swelling can be 
reduced by designing walls that have pilasters and are 
reinforced with concrete and by supporting the walls with 
a large spread footing. Also, the basement floor can be 
laid on 12 to 18 inches of crushed rock. Seasonal wetness 
can be reduced by foundation drains of tile surrounded by 
a sand filter. 

This soil is severely limited for septic tank absorption 
fields because of a slow percolation rate and the seasonal 
wetness. Increasing the size of the absorption field and 
installing perimeter drains around the absorption field 
can improve the functioning of septic tank systems. This 
soil is suited to sewage lagoons. Capability unit Ie-3; 
Loamy Upland range site. 

Db—Dennis silt loam, 3 to 7 percent slopes. This 
moderately sloping, moderately well drained soil is on 
side slopes along drainageways and on foot slopes of hill- 
sides. It oecurs as long, irregularly shaped areas. Areas 
range from 20 to 150 acres in size. 

Typically, the surface layer is very dark brown silt 
loam about 9 inches thick. The subsoil to a depth of more 
than 60 inches is dark brown, friable silty clay loam. over 
dark brown and brown, firm silty clay and mottled brown 
and yellowish brown, firm silty clay. In places the silt 
loam surface layer rests abruptly on a firm silty clay sub- 
soil. In a few eroded spots, the surface layer is silty clay 
loam. 

Included with this soil in mapping are small intermin- 
gled areas of Zaar soils. These Zaar soils generally occupy 
concave areas or slight depressions. They have a black 
silty clay surface layer and are somewhat poorly drained. 
Also included near Mildred, Moran, and Leanna are small 
intermingled areas of Bates soil, which has a loam surface 
layer and a clay loam subsoil and is underlain by sand- 
stone at a depth of about 32 inches, and near Geneva and 
Petrolia small areas of Olpe soil, which has a gravelly silt 
loam surface layer and a gravelly silty clay subsoil. In- 
cluded areas range from 2 to 4 acres in size and make up 
about 10 percent of this mapping unit. 

Permeability is slow, and available water capacity is 
high. Runoff is medium. The surface layer is friable, and 
tilth is good. The subsoil is highly plastic and has a 
moderate to high shrink-swell potential. The seasonal high 
water table is perched 20 to 36 inches below the surface, 
generally from December through April. In most unlimed 
areas, the surface layer and subsoil are strongly acid. 

This soil has good potential for crops, native range, and 
tame pasture. Most of the acreage is cultivated. The 
potential for recreation and wildlife is good, but the 
potential for engineering uses is poor. 

Locally grown crops are suited. Grain sorghum, 
soybeans, and wheat are the most common crops. If this 
soil is cultivated under poor management, water erosion 


and soil blowing can be problems. Maintaining tilth and 
the content of organic matter are also concerns. Conser- 
vation practices, such as crop residue management, ter- 
racing, and contour farming, help control erosion in cul- 
tivated areas. 

Native grass and tame pasture are also suited. If this 
soil is used for native range, control of undesirable plants 
that compete with native grasses is needed. Also essential 
in range management are a proper degree of use, a timely 
season of use, and a proper distribution of livestock. 
Range seeding is needed to restore productivity on aban- 
doned cropland. If the soil is used for tame pasture, fer- 
tilization, proper stocking, rotation grazing, and a timely 
season of use are needed to maintain and increase forage 
production. 

This soil is limited for building site development 
because of the high shrink-swell potential and seasonal 
wetness. The harmful effects of shrinking and swelling 
can be reduced by insulating foundations and pavements 
with a suitable intervening layer of sand or gravel. A 
large spread footing is essential. For houses built on slab 
foundations, the harmful effects of shrinking and swelling 
can be reduced by a 12- to 18-inch base of crushed rock 
well below the depth of seasonal expansion. For houses 
with basements, the harmful effects of shrinking and 
swelling and wetness can be reduced by proper design. 
The harmful effects of shrinking and swelling can be 
reduced by designing walls that have pilasters and are 
reinforced with concrete.and by supporting the walls with 
a large spread footing. Also, the basement floor can be 
laid on 12 to 18 inches of crushed rock. Seasonal wetness 
can be reduced by foundation drains of tile surrounded by 
a sand filter. 

This soil is severely limited for septic tank absorption 
fields because of the slow percolation rate and seasonal 
wetness. Increasing the size of the absorption field and 
installing perimeter drains around the absorption field 
can improve the functioning of septic tank systems. This 
soil is suited to sewage lagoons. Capability unit IIIe-2; 
Loamy Upland range site. 

De—Dennis-Kenoma silt loams, 0 to 2 percent slopes. 
This mapping unit consists of nearly level, moderately 
well drained soils on ridgetops. Areas of this unit are 45 
to 55 percent Dennis silt loam, 25 to 35 percent Kenoma 
silt loam, and about 10 percent slick spots. They are ir- 
regularly shaped and range from 20 to 100 acres in size. 
The Dennis and Kenoma soils are so intermingled that 
mapping them separately was not feasible. The slick spots 
are less than half an acre in size. 

Typically, the Dennis soil has a surface layer of very 
dark brown silt loam about 10 inches thick. The subsoil to 
a depth of more than 60 inches is dark brown, friable silty 
clay loam over dark brown and brown, firm silty clay and 
mottled brown and yellowish brown, firm silty clay. 

The Kenoma soil typically has a surface layer of very 
dark gray silt loam about 8 inches thick. The surface 
layer rests abruptly on a very firm silty clay subsoil. The 
subsoil .is more than 52 inches thick. The upper part is 
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very dark grayish brown, and the lower part is mixed 
brown and gray. 

The slick spots have a surface layer of very dark gray- 
ish brown heavy silt loam about 6 inches thick. The sur- 
face layer lies abruptly on a firm silty clay subsoil that 
contains a large amount of sodium. The vegetation on 
these spots is generally thin and suppressed. 

Included with this unit in mapping are small intermin- 
gled areas of Catoosa soils. These Catoosa soils have a 
surface layer of dark reddish brown silt loam and are un- 
derlain by hard limestone at a depth of about 27 inches. 
These included areas are 2 or 3 acres in size and make up 
about 5 to 15 percent of the mapping unit. 

Permeability is slow in the Dennis soil and very slow in 
the Kenoma soil. Available water capacity in both soils is 
high, and runoff is slow. The subsoil of both soils has a 
high shrink-swell potential and is highly plastic. As a 
result of the slick spots, tilth is poor in these soils. In 
most unlimed areas, the surface layer and subsoil are 
strongly acid. 

This mapping unit has fair potential for crops and good 
potential for native range and tame pasture. The potential 
for recreation is poor, and the potential for wildlife is 
good. The potential for engineering uses is poor. Most of 
the acreage is used for crops. 

Locally grown crops are suited. Grain sorghum, 
soybeans, and wheat are the most common crops. Because 
the silty clay subsoil fails to release water readily for 
plants, these soils are droughty during extended periods 
of low rainfall. Corn and other crops are sometimes 
damaged during these dry periods. If these soils are cul- 
tivated under poor management, water erosion and soil 
blowing can be problems. Increasing the content of or- 
ganic matter and improving tilth are also concerns. Con- 
servation practices, such as crop residue management, 
terracing, and contour farming, help control erosion and 
improve tilth in cultivated areas. 

Native grass and tame pasture are also suited. If these 
soils are used for native range, control of undesirable 
plants that compete with native grasses is needed. Under 
prolonged overgrazing, desirable tall grasses decrease and 
short grasses, woody plants, weeds, and trees increase. 
Essential in range management are a proper degree of 
use, a timely season of use, and a proper distribution of 
livestock. Also, range seeding i is needed to restore produc- 
tivity on abandoned cropland. If the soils are used for 
tame pasture, fertilization, proper stocking, rotation graz- 
ing, and a timely season ‘of use are needed to maintain 
and increase forage production. 

This mapping unit is limited for building site develop- 
ment because of the high shrink-swell potential and 
seasonal wetness. The harmful effects of shrinking and 
swelling can be reduced by insulating foundations and 
pavements with a suitable intervening layer of sand or 
gravel. A large spread footing is essential. For houses 
built on slab foundations, the harmful effects of shrinking 
and swelling can be reduced by a 12- to 18-inch base of 
crushed rock well below the depth of seasonal expansion. 


For houses with basements, the harmful effects of shrink- 
ing and swelling and wetness can be reduced by proper 
design. The harmful effects of shrinking and swelling can 
be reduced by designing walls that have pilasters and are 
reinforced with concrete and by supporting the walls with 
a large spread footing. Also, the basement floor can be 
laid on 12 to 18 inches of crushed rock. Seasonal wetness 
can be reduced by foundation drains of tile surrounded by 
a sand filter. 

This mapping unit is severely limited for septic tank 
absorption fields because of a slow percolation rate and 
the seasonal wetness. Increasing the size of the absorp- 
tion field and installing perimeter drains around the ab- 
sorption field can improve the functioning of septic tank 
systems. This mapping unit is suited to sewage lagoons. 
Capability unit IIIe-4; Dennis soil in Loamy Upland range 
site, Kenoma soil in Clay Upland range site. 

Ea—Eram silty clay loam, 1 to 4 percent slopes. This 
gently sloping, moderately well drained soil is on narrow 
ridgetops. It occurs as long, irregularly shaped areas. 
Areas range from 20 to 100 acres in size. 

Typically, the surface layer is very dark grayish brown 
silty clay loam about 9 inches thick. The subsoil is about 
24 inches thick. The upper part is very dark grayish 
brown, firm silty clay, and the lower part is olive brown, 
firm silty clay. Soft, unweathered shale is at a depth of 
about 34. inches. In places depth to unweathered shale is 
less than 20 inches. This shallow soil is generally on the 
more sloping parts of the landscape. In a few eroded 
spots, the surface layer is heavy silty clay loam and is 
lighter in color than is typical. 

Included with this soil in mapping are small intermin- 
gled areas of Bates soil. This Bates soil occupies the 
higher parts of the landscape. It has a loam surface layer 
and is underlain by sandstone at a depth of 20 to 40 
inches. Included areas are 1 acre to 2 acres in size and 
make up about 10 percent of the mapping unit. 

Permeability is slow, and available water capacity is 
low. Runoff is medium. The surface layer is friable, and 
tilth is fair. The subsoil is highly plastic and has a high 
shrink-swell potential. This soil has a seasonal high water 
table. The depth of the root zone, which is less than 40 
inches, averages about 30 inches. In most unlimed areas, 
the surface layer is slightly acid. 

This soil has fair potential for crops. It has good poten- 
tial for native range and tame pasture. The potential for 
recreation is fair, the potential for wildlife is good, and 
the potential for engineering uses is poor. About half of 
the acreage is used for crops. 

Locally grown crops are suited. Grain sorghum, wheat, 
and soybeans are the most common crops. If this soil is 
cultivated under poor management, water erosion and soil 
blowing can be problems. Increasing the content of or- 
ganic matter and maintaining tilth are also concerns. Con- 


servation practices, such as crop residue management, 


terracing, and contour farming, help control erosion in 
cultivated areas. 
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Native grass and tame pasture are also suited. If this 
soil is used for native range, control of undesirable plants 
that compete with native grasses is needed. Under pro- 
longed overgrazing, desirable tall grasses decrease and 
short grasses, woody plants, weeds,:and trees increase. 
Essential in range. management are a proper degree of 
use, a timely season of use, and a proper distribution of 
livestock. Also, range seeding is needed to restore produc- 
tivity on abandoned cropland. If this soil is used for tame 
pasture, fertilization, proper stocking, rotation grazing, 
and a timely season of use are needed to maintain and in- 
crease forage production. 

This soil is limited for building site development 
because of the high shrink-swell potential and seasonal 
wetness. The harmful effects of shrinking and swelling 
can be reduced by insulating foundations and pavements 
with a suitable intervening layer of sand or gravel. A 
large spread footing is essential. For houses built on slab 
foundations, the harmful effects of shrinking and swelling 
can be reduced by a 12- to 18-inch base of crushed rock 
well below the depth of seasonal expansion. Seasonal wet- 
ness can be reduced by foundation drains of tile sur- 
rounded by a sand filter. 

This soil is generally unsuited to septic tank absorption 
fields because of a slow percolation rate, the depth to 
bedrock, and the seasonal wetness. It is. limited for 
sewage lagoons because of depth to bedrock. The shale 
bedrock is rippable under certain moisture conditions. 
Small lagoons can be constructed by the use of embank- 
ments. Capability unit IIIe-5; Clay Upland range site. 

Eb—Eram silty clay loam, 4 to 7 percent slopes. This 
moderately sloping, moderately well drained soil is along 
drainageways and on ridgetops. It occupies long, irregu- 
larly shaped areas and isolated low hills. Areas range 
from 20 to 150 acres in size. 

Typically, the surface layer is very dark grayish brown 
silty clay loam about 8 inches thick. The subsoil is firm 
silty clay about 22 inches thick. The upper part is very 
dark grayish brown, and the lower part is olive brown. 
Soft, unweathered shale is at a depth of 30 inches. In 
places depth to unweathered shale is less than 20 inches. 
In a few eroded spots, the surface layer is heavy silty 
clay loam and is lighter in color than is typical. 

Included with this soil in mapping are small intermin- 
gled areas of Bates soils. These Bates soils occupy the 
higher parts of the landscape. They have a loam surface 
layer and are underlain by sandstone and shale at a depth 
of 32 inches. Included areas are 1 acre to 2 acres in size 
and make up about 10 percent of the mapping unit. 

Permeability is slow, and available water capacity is 
low. Runoff is rapid. The surface layer is friable, and tilth 
is fair. The subsoil is highly plastic and has a high shrink- 
swell potential. This soil has a seasonal high water table. 
The depth of the root zone, which is less than 40 inches, 
averages about 30 inches. In most unlimed areas, the sur- 
face layer is slightly acid. 

This soil has fair potential for crops. It has good poten- 
tial for native range and tame pasture. The potential for 


recreation is fair, the potential for wildlife is good, and 
the potential for engineering uses is good. Most areas are 
used for native range or tame pasture. 

Locally grown crops are suited. Grain sorghum, wheat, 
and soybeans are the most common crops. Corn is not 
well suited. If this soil is cultivated under poor manage- 
ment, water erosion and soil blowing can be problems. In- 
creasing the content of organic matter and maintaining 
tilth are also concerns. Conservation practices, such as 
crop residue management, terracing, and contour farming, 
help control erosion in cultivated areas. Conservation 
practices are difficult to apply and maintain, however, 
because the soil is moderately sloping and moderately 
deep. 

Native grass and tame pasture are also suited. If this 
soil is used for native range, control of undesirable plants 
that compete with native grasses is needed. Under pro- 
longed overgrazing, desirable tall grasses decrease and 
short grasses, woody plants, weeds, and trees increase. 
Essential in range management are a proper degree of 
use, a timely season of use, and a proper distribution of 
livestock. Also, range seeding is needed to restore produc- 
tivity on abandoned cropland. If the soil is used for tame 
pasture, fertilization, proper stocking, rotation grazing, 
and a timely season of use are needed to maintain and in- 
crease forage production. 

This soil is limited for building site development 
because of the high shrink-swell potential and seasonal 
wetness. The harmful effects of shrinking and swelling 
can be reduced by insulating foundations and pavements 
with a suitable intervening layer of sand or gravel. A 
large spread footing is essential. For houses built on slab 
foundations, the harmful effects of shrinking and swelling 
can be reduced by a 12- to 18-inch base of crushed rock 
well below the depth of seasonal expansion. Seasonal wet- 
ness ‘can be reduced by foundation drains of tile’ sur- 
rounded by a sand filter. 

This soil is generally unsuited to septic tanks and filter 
fields because of a slow percolation rate, the depth to 
bedrock, the seasonal wetness, and the slope. If the soil is 
used for sewage absorption fields, there is a danger of 
surface seepage below the site. The soil is limited for 
sewage lagoons because of the depth to bedrock and the 
slope. The shale bedrock is rippable under certain 
moisture conditions. Small lagoons can be constructed, in 
the less sloping areas, by the use of embankments. Capa- 
bility unit [Ve-3; Clay Upland range site. 

Ec—Eram silty clay loam, 2 to 7 percent slopes, 
eroded. This gently sloping or moderately sloping, 
moderately well drained soil is on narrow ridgetops and 
side slopes. It occurs as irregularly shaped areas on the 
upper parts of hillsides (fig. 8). Areas range from 10 to 
100 acres in size. 

This soil has lost most of the original surface layer 
through erosion. Typically, the surface layer is very dark 
grayish brown and olive brown heavy silty clay loam 
about 6 inches thick. It is not uniform and in a few areas 
contains unweathered shale fragments. The subsoil is 
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olive brown silty clay about 16 inches thick. Soft, un- 
weathered shale is at a depth of about 24 inches. In 
places depth to unweathered shale is less than 20 inches. 

Included with this soil in mapping are small intermin- 
gled areas of Bates soils and unweathered shale outcrops. 
The Bates soils oceupy the higher parts of the landscape. 
They have a loam surface layer and a clay loam subsoil 
and are underlain by sandstone and shale at a depth of 32 
inches. Shale outcrops oceur on some of the steeper 
breaks and side slopes. Included areas are 1 acre to 2 
acres in size and make up about 10 percent of the 
mapping unit. 

Permeability is slow, and available water capacity is 
low. Runoff is rapid. The surface layer is firm, and tilth is 
poor. The subsoil is highly plastic and has a high shrink- 
swell potential. This soil has a seasonal high water table. 
The depth of the root zone, which is less than 40 inches, 
averages about 24 inches. In most unlimed areas, the sur- 
face layer is slightly acid. 

This soil has poor -potential for crops. It has good 
potential for native range and tame pasture. The potential 
for recreation is fair, the potential for wildlife is good, 
and the potential for engineering uses is poor. About half 
of the acreage is used for crops. 

Many areas of this soil are reverting to annual grasses 
and brush. If very carefully managed, the soil is suited to 
most crops grown in the county. It is better suited to 
wheat, grain sorghum, and soybeans than to other crops. 
Corn is not well suited. If the soil is cultivated under poor 
management, further erosion is the major concern. In- 
creasing the content of organic matter and improving 
tilth are also concerns. Keeping the soil in good tilth is 
difficult in cultivated areas. Conservation practices, such 
as crop residue management, terracing, and contour farm- 
ing, help control erosion and improve tilth in these areas, 
but conservation practices are difficult to apply and main- 
tain. 

Native grass and tame pasture are also suited. Range 
seeding is needed to restore productivity on abandoned 
cropland. If this soil is used for native range, control of 
undesirable plants that compete with native grasses is 
needed. Under prolonged overgrazing, desirable tall 
grasses decrease, and short grasses, woody plants, weeds, 
and trees increase. Essential in range management. are a 
proper degree of use, a timely season of use, and a proper 
distribution of livestock. If the soil is used for tame 
pasture, fertilization, proper stocking, rotation grazing, 
and a timely season of use are needed to maintain and in- 
crease forage production. 

This soil is limited for building site development 
because of the high shrink-swell potential and seasonal 
wetness. The harmful effects of shrinking and swelling 
can be reduced by insulating foundations and pavements 
with a suitable intervening layer of sand or gravel. A 
large spread footing is essential. For houses built on slab 
foundations, the harmful effects of shrinking and swelling 
can be reduced by a 12- to 18-inch base of crushed rock 
well below the depth of seasonal expansion. Seasonal wet- 


ness can be reduced by foundation drains of tile sur- 
rounded by a sand filter. 

This soil is generally unsuited to septic tanks and filter 
fields because of a slow percolation rate, the depth to 
bedrock, the seasonal wetness, and the slope. If the soil is 
used for sewage absorption fields, there is a danger. of 
surface seepage below the site. The soil is limited for 
sewage lagoons because of the depth to bedrock and the 
slope. The shale bedrock is rippable under certain 
moisture conditions. Small lagoons can be constructed, in 
the less sloping areas, by the use of embankments. Capa- 
bility unit IVe-1; Clay Upland range site. 

Ka—Kenoma silt loam, 1 to 3 percent slopes. This 
gently sloping, moderately well drained soil is in broad 
upland areas and on ridgetops. It occurs as large, irregu- 
larly shaped areas. Areas range from about 40 to 800 
acres in size. 

Typically, the surface layer is very dark gray silt loam 
about 8 inches thick. It rests abruptly on a firm silty clay 
subsoil. The subsoil is more than 52 inches thick. The 
upper part is very dark grayish brown, and the lower 
part is mixed brown, dark grayish brown, strong brown, 
and gray. In places, there is no abrupt textural change 
between the surface layer and the subsoil and the upper 
part of the subsoil is silty clay loam. In a few eroded 
spots, the surface layer is heavy silty clay loam and is 
lighter in color than is typical. 

Included with this soil in mapping are small intermin- 
gled areas of Catoosa and Zaar soils. The Catoosa soils 
are in the same positions on the landscape as Kenoma 
soils. They have a surface layer of dark reddish brown 
silt loam and a subsoil of dark reddish brown silty clay 
loam and are underlain by hard limestone at a depth of 27 
inches. The Zaar soils are generally in concave areas at 
the upper ends of drainageways. They have a black silty 
clay surface layer and a silty clay subsoil. Included areas 
range from 2 to 4 acres in size and make up about 10 per- 
cent of this mapping unit. 

Permeability is very slow, and available water capacity 
is high. Runoff is medium. The surface layer is friable, 
and tilth is fair. The subsoil is highly plastic and has a 
high shrink-swell potential. In most places this soil has a 
temporary perched water table above the clay subsoil 
during wet periods. In most unlimed areas, the surface 
layer and subsoil are medium acid. 

This soil has good potential for crops, native range, and 
tame pasture. The potential for recreation is poor, the 
potential for wildlife is good, and the potential for en- 
gineering uses is poor. Most areas are used for crops. 

Locally grown crops are suited. Soybeans, grain 
sorghum, and wheat are the most common crops. Because 
the silty clay subsoil fails to release water readily for 
plants, this soil is droughty during extended periods of 
low rainfall. Corn. and other crops are sometimes 
damaged during these dry periods. If the soil is cultivated 
under poor management, water erosion and soil blowing 
can be problems. Maintaining tilth and the content of or- 
ganic. matter are also concerns. Conservation practices, 
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such as crop residue management, terracing, and contour 
farming help control erosion in cultivated areas. 

Native grass and tame pasture are also suited. If the 
soil is used for native range, control of undesirable plants 
that compete with native grasses is needed. Under pro- 
longed overgrazing, desirable tall grasses decrease and 
short grasses, woody plants, weeds, and trees increase. 
Essential in range management are a proper degree of 
use, a timely season of use, and a proper distribution of 
livestock. Also, range seeding is needed to restore produc- 
tivity on abandoned cropland. If the soil is used for tame 
pasture (fig. 9), fertilization, proper stocking, rotation 
grazing, and a timely season of use are needed to main- 
tain and increase forage production. 

This soil is limited for building site development 
because of the high shrink-swell potential and seasonal 
wetness. The harmful effects of shrinking and swelling 
can be reduced by insulating foundations and pavements 
with a suitable intervening layer of sand or gravel. A 
large spread footing is essential. For houses built on slab 
foundations, the harmful effects of shrinking and swelling 
can be reduced by a 12- to 18-inch base of crushed rock 
well below the depth of seasonal expansion. For houses 
with basements, the harmful effects of shrinking and 
swelling and wetness can be reduced by proper design. 
The harmful effects of shrinking and swelling can be 
reduced by designing walls that have pilasters and are 
reinforced with concrete and by supporting the walls with 
a large spread footing. Also, the basement floor can be 
laid on 12 to 18 inches of crushed rock. Seasonal wetness 
can be reduced by foundation drains of tile surrounded by 
a sand filter. 

This soil is severely limited for septic tank absorption 
fields because of a slow percolation rate and the seasonal 
wetness. Increasing the size of the absorption field and 
installing perimeter drains around the absorption field 
can improve the functioning of septic tank systems. This 
soil is suited to sewage lagoons. Capability unit IIIe-4; 
-Clay Upland range site. 

La—Leanna silt loam. This nearly level, somewhat 
poorly drained soil is on flood plains, low stream terraces, 
and terrace fans. It occurs as irregularly shaped areas 
ranging from 20 to 120 acres in size. Low areas are sub- 
ject to occasional flooding. 

Typically, the surface layer is black silt loam about 7 
inches thick. The subsurface layer is dark gray silt loam 
about 6 inches thick. The subsoil is about 39 inches thick. 
The upper part is very dark gray, firm silty clay, and the 
lower part is dark gray, firm silty clay loam. The underly- 
ing material to a depth of 66 inches is dark grayish brown 
silty clay loam. In places the subsoil is silt loam. 

Permeability is very slow, and available water capacity 
is moderate to high. The surface layer is friable, and tilth 
is good. The subsoil is highly plastic and has a high 
shrink-swell potential. In most places this soil has a tem- 
porary perched water table above the silty clay subsoil 
during wet periods and from December through April. In 
most unlimed areas, the surface layer and subsoil are 
strongly acid. 


This soil has good potential for crops, native range, and 
tame pasture. The potential for wildlife is good, but the 
potential for recreation and engineering uses is poor. The 
potential for trees is good. Most areas are used for crops. 

Locally grown crops are suited. Corn, soybeans, grain 
sorghum, and wheat are the most common crops. 
Legumes drown out during prolonged periods of wetness. 
Maintaining good tilth and fertility is essential. Wetness 
during periods of seeding and harvest is a problem in 
some years. In places artificial drainage is needed. 

Native grass, hay, and tame pasture are also suited. If 
this soil is used for native range, control of undesirable 
plants that compete with native grasses is needed. Also 
essential in range management are a proper degree of 
use, a timely season of use, and a proper distribution of 
livestock. Under prolonged overgrazing, desirable tall 
grasses decrease and short grasses, woody plants, weeds, 
and trees increase. If this. soil is used for tame pasture, 
fertilization, proper stocking, rotation grazing, and a time- 
ly season of use are needed to maintain and increase 
forage production. 

This soil is suited to trees, but only a small acreage is 
wooded. Improving the timber stand is important in 
woodland management. 

This soil is limited for building site development 
because it is seasonally wet, is subject to flooding, and 
has a high shrink-swell potential. In areas that are not 
flooded, the harmful effects of shrinking and swelling can 
be reduced by insulating foundations and pavements with 
a suitable intervening layer of sand or gravel. A large 
spread footing is essential. For houses built on slab foun- 
dations, the harmful effects of shrinking and swelling can 
be reduced by a 12- to 18-inch base of crushed rock well 
below the depth of seasonal expansion. For houses with 
basements, the harmful effects of shrinking and swelling 
and wetness can be reduced by proper design. The harm- 
ful effects of shrinking and swelling can be reduced by 
designing walls that have pilasters and are reinforced 
with concrete and by supporting the walls with a large 
spread footing. Also, the basement floor can be laid on 12 
to 18 inches of crushed rock. Seasonal wetness can be 
reduced by foundation drains of tile surrounded by a sand 
filter. 

This soil is severely limited for septic tank absorption 
fields because of a slow percolation rate, the seasonal 
wetness, and the flooding. In areas that are not flooded or 
are protected, increasing the size of the filter field and in- 
stalling perimeter drains around the absorption field can 
improve the functioning of septic tank systems. This soil 
is suited to sewage lagoons in areas that are not flooded. 
Capability unit IIw-1; Clay Lowland range site. 

Ma—Mason silt loam. This nearly level, well drained 
soil is on stream terraces. It occurs as long, continuous, ir- 
regularly shaped areas adjacent to stream channels. Low 
areas are subject to occasional flooding. 

Typically, the surface layer is very dark brown, friable 
silt loam about 17 inches thick. The subsoil is very dark 
grayish brown, friable silty clay loam about 28 inches 
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thick. The underlying material to a depth of 63 inches is 
dark grayish brown silty clay loam. In places the subsoil 
is silt loam. 

Included with this soil in mapping are small intermin- 
gled areas of Osage soils. These Osage soils generally oc- 
cupy swales and concave areas. They have a silty clay 
loam or silty clay surface layer and a silty clay subsoil. 
They stay wet longer after periods of rainfall. These in- 
cluded areas are less than 1 acre to 2 acres in size and 
make up about 5 to 10 percent of this mapping unit. 

Permeability is moderately slow, and available water 
capacity is high. The surface layer is friable, and tilth is 
good. The subsoil is moderately plastic and has a 
moderate shrink-swell potential. In unlimed areas, the 
surface layer and subsoil are commonly medium acid. 

This soil has good potential for crops, native range, 
tame pasture, and wildlife. The potential for recreation 
and engineering uses is fair. The potential for trees is 
good. Most areas are used for crops. 

_All locally grown crops are suited. Corn, soybeans, 
grain sorghum, and wheat are the most common crops. 
Maintaining good tilth and fertility is essential. Crop 
residue management helps maintain good tilth and in- 
creases the organic-matter content. 

Native grass, hay, and tame pasture are also suited. If 
the soil is used for native range, good range management, 
including control of undesirable plants that compete with 
native grasses, is needed. Under prolonged overgrazing, 
desirable tall grasses decrease and short grasses, woody 
plants, weeds, and trees increase. If the soil is used for 
tame pasture, fertilization, proper stocking, rotation graz- 
ing, and a timely season of use are needed to maintain 
and increase forage production. 

This soil is suited to trees, but only a small acreage is 
wooded. Improving the timber stand is important in 
woodland management. 

This soil is limited for building site development 
because of the hazard of flooding and the moderate 
shrink-swell potential. The hazard of flooding can be 
reduced by dikes and levees. The harmful effects of 
shrinking and swelling can be reduced by insulating foun- 
dations and pavements with a suitable intervening layer 
of sand or gravel. For houses built on slab foundations, 
these harmful effects can be reduced by a 12- to 18-inch 
base of crushed rock well below the depth of seasonal ex- 
pansion. For houses with basements, the harmful effects 
of shrinking and swelling and wetness can be reduced by 
proper design. The harmful effects of shrinking and 
swelling can be reduced by designing walls that have 
pilasters and are reinforced with concrete and by sup- 
porting the walls with a large spread footing. Also, the 
basement floor can be laid on 12 to 18 inches of crushed 
rock. Seasonal wetness can be reduced by foundation 
drains of tile surrounded by a sand filter. 

This soil is limited for septic tank absorption fields 
because of a moderately slow percolation rate. Increasing 
the size of the absorption field can improve the function- 
ing of septic tank systems. This soil is suited to sewage 


lagoons if it is protected against flooding. Capability class 
I; Loamy Lowland range site. 

Na—Nowata silt loam, 3 to 7 percent slopes. This 
moderately sloping, well drained soil is along 
drainageways. It occurs as long, irregularly shaped areas 
in the lower drainage pattern of the Marmaton River, Big 
Creek, and the Little Osage River. It occurs mostly above 
areas of limestone outcrop. Areas range from 20 to 200 
acres in size. 

Typically, the surface layer is very dark brown silt 
loam about 9 inches thick. It contains a few chert frag- 
ments. The subsoil is about 18 inches thick. The upper 
part is very dark brown, firm silty clay loam containing 
many angular chert fragments up to 7 inches in diameter, 
and the lower part is dark reddish brown, firm silty clay 
loam that is as much as 70 percent angular chert frag- 
ments up to 7 inches in diameter. Depth to the high con- 
centration of chert rocks is 12 to 20 inches. Hard 
limestone is at a depth of 27 inches. In places the bedrock 
is shale rather than limestone. Scattered chert fragments 


are on the surface. In places there are few or no chert 


fragments. 

Included with this soil in mapping are small intermin- 
gled areas of limestone outcrops. These outcrops are on 
the lower slopes. Included areas range from 1/2 acre to 2 
acres in size and make up about 10 percent of this 
mapping unit. 

Permeability is moderately slow, and available water 
capacity is low. Runoff is medium. The surface layer is 
friable. Tilth is poor because of the chert fragments. The 
subsoil is moderately plastic and has a moderate shrink- 
swell potential. The depth of the root zone, which is less 
than 40 inches, averages about 27 inches. In unlimed 
areas, the surface layer and the upper part of the subsoil 
are commonly slightly acid. 

This soil has poor potential for crops, mainly because of 
the chert fragments. It has good potential for native 
range and tame pasture. The potential for recreation is 
fair, and the potential for wildlife is good. The potential 
for engineering uses is poor. Most areas are used for na- 
tive range or tame pasture. 

Locally grown crops are suited. Grain sorghum, wheat, 
and soybeans are the most common crops. If this soil is 
cultivated under poor management, water erosion can be 


‘a problem. Increasing the content of organic matter and 


maintaining tilth are also concerns. Conservation prac- 
tices, such as crop residue management, terracing, and 
contour farming, help control erosion in cultivated areas. 
Conservation practices are difficult to apply, however, 
because of the chert fragments. 

Native grass and tame pasture are better suited than 
other uses. If this soil is used for native range, control of 
undesirable plants that compete with native grasses is 
needed. Under prolonged overgrazing, desirable tall 
grasses decrease and short grasses, woody plants, weeds, 
and trees increase. Essential in range management are a 
proper degree of use, a timely season of use, and a proper 
distribution of livestock. Also, range seeding is needed to 
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restore productivity on abandoned cropland. If the soil is 
used for tame pasture, fertilization, proper stocking, rota- 
tion grazing, and a timely. season of use are needed to 
maintain and increase forage production. 

This soil is limited for building site development 
because of the depth to bedrock, the chert fragments, and 
the moderate shrink-swell potential. Onsite investigation 
is needed. Buildings can be constructed in areas of deeper 
soil. The harmful effects of shrinking and swelling can be 
reduced by insulating foundations and pavements with a 
suitable intervening layer of sand. A large spread footing 
is essential. ‘ 

This soil is severely limited as a site for septic tank ab- 
sorption fields because of a slow percolation rate, the 
depth to rock, and the chert fragments. Increasing the 
size of the absorption field can improve the functioning of 
septic tank systems. This soil is severely limited for 
sewage lagoons because of the depth to rock and the 
chert fragments. Small lagoons can be constructed, in 
areas of deeper soil, by the use of embankments. Capa- 
bility unit [Ve-2; Loamy Upland range site. 

Oa—Olpe soils, 3 to 15 percent slopes. These 
moderately sloping to strongly sloping, well drained soils 
are on rolling hills in the northwestern part of the county 
and west of the valley of the Neosho River. Areas are ir- 
regularly shaped and range from 20 to 120 acres in size. 

Typically, the surface layer is dark brown gravelly silt 
loam about 15 inches thick (fig. 10). The subsoil to a depth 
of more than 60 inches is dark reddish brown, firm 
gravelly silty clay loam over reddish brown and yellowish 
red, very firm gravelly silty clay. In places the upper 40 
inches is less than 25 percent chert gravel. There are in- 
termingled areas of soils that have a less clayey subsoil 
than is typical. 

Included with these soils in mapping are small in- 
termingled areas: of limestone outcrops. These outcrops 
occur on the lower slopes. Included areas are 2 to 3 acres 
in size and make up about 15 percent of this mapping 
unit. 

Permeability is slow, and available water capacity is 
low to moderate. The subsoil is moderately plastic and 
has a low to moderate shrink-swell potential. Runoff is 
rapid. In unlimed areas, the surface layer and subsoil are 
commonly strongly acid. 

These soils have poor potential for crops. They have 
good potential for native range and tame pasture. The 
potential for recreation is fair, and the potential for wil- 
dlife is good. The potential for engineering uses is poor. 
The soil is a good potential source of road gravel and 
gravel used to insulate foundations and pavements. 
Nearly all areas are used for native range or tame 
pasture. : 

These soils are generally not suitable for cultivation. 
The best potential use is native range, hay, or tame 
pasture. The hazard of erosion is severe if the plant cover 
is removed. If the soils are used for native range, control 
of undesirable plants that compete with native grasses is 
needed. Continued heavy grazing reduces the plant com- 


position to annual grasses, shrubs, and trees. Brush con- 
trol in combination with deferred grazing is the best 
method of restoring the potential natural plant communi- 
ty. A timely season of use and a proper distribution of 
livestock are needed. Also, range seeding is needed to 
restore productivity on abandoned cropland. If these soils 
are used for tame pasture, fertilization, proper stocking, 
rotation grazing, and a timely season of use are needed to 
maintain and increase forage production. 

These soils are moderately limited for building site 
development. Reinforced concrete foundations are needed 
in places because of the shrink-swell potential. The 
strongly sloping areas can be a problem. 

These soils are severely limited for septic tank absorp- 
tion fields because of a slow percolation rate and the 
slope. In the less sloping areas, increasing the size of the 
absorption field can improve the functioning of septic 
tank systems. If absorption fields are installed in the 
more sloping areas, there is a danger of surface seepage 
below the site. These soils are generally unsuited to 
sewage lagoons because of the chert gravel and the slope. 
Capability unit VIe-1; Loamy Upland range site. 

Ob—Osage silty clay loam. This nearly level, poorly 
drained soil is on low stream terraces and flood plains. 
Areas are irregularly shaped and range from 40 to 400 
acres in size. Low areas are subject to occasional flooding. 

Typically, the surface layer is very dark gray silty clay 
loam about 13 inches thick. The subsoil to a depth of more 
than 60 inches is very dark gray, firm silty clay over dark 
grayish brown, very firm silty clay loam. In places the 
surface layer is heavy silt loam. In some small areas, it is 
silty clay. 

Permeability is very slow, and available water capacity 
is moderate. Runoff is slow. The surface layer is friable, 
and tilth is fair. The. subsoil is highly plastic and has a 
high to very high shrink-swell potential. In most places 
this soil has a temporary perched water table above the 
silty clay subsoil during wet periods. In unlimed areas, 
the surface layer and subsoil are commonly medium acid. 

This soil has good potential for crops, native range, or 
tame pasture. It has fair potential for recreation and good 
potential for wildlife. The potential for engineering uses 
is poor. The potential for trees is good. Nearly all areas 
are used for crops. 

All locally grown crops are suited. Corn, soybeans, 
grain sorghum, and wheat are the most common crops. 
Wetness during periods of seeding and harvest is a 
problem in some years. A bedding system for drainage 
helps remove excess water. Maintaining tilth and fertility 
is essential. Crop residue management improves tilth and 
increases the organic-matter content. : 

Native grass, hay, and tame pasture are also suited. If 
this soil is used for native range, control of undesirable 
plants that compete with native grasses is needed. Essen- 
tial in range management are a proper degree of use, a 
timely season of use, and a proper distribution of 
livestock. Under prolonged overgrazing, ‘desirable tall 
grasses decrease and short grasses, woody plants, weeds, 
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and trees increase. If the soil is used for tame pasture, 
fertilization, proper stocking, rotation grazing, and a time- 
ly season of use are needed to maintain and increase 
forage production. 

. This soil is suited to trees, but only a small acreage is 
wooded. Improving the timber stand is important in 
woodland management. 

This soil is limited for building site development 
because it is seasonally wet, is subject to flooding, and 
has a high to very high shrink-swell potential. In areas 
protected against flooding, the harmful effects of shrink- 
ing and swelling can be reduced by insulating foundations 
and pavements with a suitable intervening layer of sand 
or gravel. A large spread footing is essential. For houses 
built on slab foundations, the harmful effects of shrinking 
and swelling can be reduced by a 12- to 18-inch base of 
crushed rock well below the depth of seasonal expansion. 
For houses with basements, the harmful effects of shrink- 
ing and swelling and wetness can be reduced by proper 
design. The harmful effects of shrinking and swelling can 
be reduced by designing walls that have pilasters and are 
reinforced with concrete and by supporting the walls with 
a large spread footing. Also, the basement floor can be 
laid on 12 to 18 inches of crushed rock. Seasonal wetness 
ean be reduced by foundation drains of tile surrounded by 
a sand filter. 

This soil is generally unsuited to septic tank absorption 
fields because of a slow percolation rate, the seasonal 
wetness, and the flooding. In areas protected against 
flooding, it is suited to sewage lagoons. Capability unit 
IIw-1; Loamy Lowland range site. 

Oc—Osage silty clay. The nearly level, poorly drained 
soil is on low stream terraces and flood plains. Areas are 
irregularly shaped and range from 40 to 400 acres in size. 
Low areas are subject to occasional flooding. 

Typically, the surface layer is black silty clay about 26 
inches thick. The subsoil to a depth of more than 60 
inches is very dark gray, very firm silty clay. In places 
the surface. layer is silty clay loam. In some small areas, it 
is silt loam. 

Permeability is very slow, and available water capacity 
is moderate. Runoff is very slow. The surface layer is 
firm, and tilth is. poor. The subsoil is very highly plastic 
and has a very high shrink-swell potential. In most places 
this soil has a temporary high water table during wet 
periods. Wetness is a moderately severe problem. The soil 
is sticky if worked when it is too wet and hard if worked 
when too dry. In unlimed areas, the surface layer and 
subsoil are commonly medium acid. In other areas, reac- 
tion is neutral. 

This soil has fair potential for crops and good potential 
for native range and tame pasture. It has fair potential 
for recreation and good potential for wildlife. The poten- 
tial for engineering uses is poor. The potential for trees is 
good. Nearly all areas are used for crops. 

Most locally grown crops are suited. Yields are affected 
by prolonged wetness. Legumes drown out. Corn, 
soybeans, and grain sorghum are the most common crops. 


Adequate drainage is essential if alfalfa is grown. Wet- 
ness during periods of seeding and harvest is a problem 
in some years. In places artificial drainage is needed. A 
bedding system for drainage helps remove excess water. 
Maintaining and improving tilth and fertility is essential. 
Crop residue management improves tilth and increases 
the organic-matter content. In places diversion terraces 
are needed to control water that runs in from adjacent 
slopes. 

Native grass, hay, and tame pasture are also suited. If 
this soil is used for native range, control of undesirable 
plants that compete with native grasses is needed. Also 
essential in range management are a proper degree of 
use, a timely season of use, and a proper distribution of 
livestock. Under prolonged overgrazing, desirable tall 
grasses decrease and short grasses, woody plants, weeds, 
and trees increase. If this soil is used for tame pasture, 
fertilization, proper stocking, rotation grazing, and a time- 
ly season of use are needed to maintain and increase 
forage production. 

This soil is suited to trees, but only a small acreage is 
wooded. Improving the timber stand is important in 
woodland management. 

This soil is limited for building site development 
because it is seasonally wet, is subject to flooding, and 
has a very high shrink-swell potential. In areas protected 
against flooding, the harmful effects of shrinking and 
swelling can be reduced by insulating foundations and. 
pavements with a suitable intervening layer of sand or 
gravel. A large spread footing is essential. For houses 
built on slab foundations, the harmful effects of shrinking 
and swelling can be reduced by a 12- to 18-inch base of 
crushed rock well below the depth of seasonal expansion. 
For houses with basements, the harmful effects of shrink- 
ing and swelling and wetness. can be reduced by proper 
design. The harmful effects of shrinking and swelling can 
be reduced by designing walls that have pilasters and are 
reinforced with conerete and by supporting the walls with 
a large spread footing. Also, the basement floor can be 
laid on 12 to 18 inches of crushed rock. Seasonal wetness 
can be reduced by foundation drains of tile surrounded by 
a sand filter. 

This soil is generally unsuited to septic tank absorption 
fields because of a slow percolation rate, the seasonal 
wetness, and the flooding. In areas protected against 
flooding, it is suited to sewage lagoons. Capability unit 
IIIw-1; Clay Lowland range site. 

Qa—Quarry. This mapping unit consists of areas from 
which the soil and much of the underlying limestone or 
shale have been removed. The underlying material has 
been removed for the production of cement or bricks. 
These areas generally are barren and are surrounded by 
vertical walls. Some quarries are filled with water. Quar- 
ries that are too small to be delineated on the soil map 
are identified on the map by a spot symbol. Scattered 
trees, shrubs, and grass border the quarries. Quarries are 
of limited use for agriculture. They have good potential 
for wildlife or recreation. Capability unit VITIs-1; not as- 
signed to a range site. 
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Ta—Talihina silty clay loam, 5 to 20 percent slopes. 
This moderately sloping to moderately steep, moderately 
well drained soil is on low hills and along drainageways. 
Areas are irregularly shaped and range from 20 to 100 
acres in size. 

Typically, the surface layer is very dark grayish brown 
silty clay loam about 7 inches thick (fig. 11). The subsoil is 
dark grayish brown, firm silty clay about 6 inches thick. 
The underlying material to a depth of 17 inches is grayish 
brown silty clay containing many unweathered shale frag- 
ments. Below this is unweathered shale. In places the sur- 
face layer contains scattered sandstone fragments. In 
some small areas, the depth to unweathered shale is more 
than 20 inches. 

Included with this soil in mapping are areas of bottom 
land less than 200 feet wide. Also included are shale out- 
crops. These outerops occur on breaks and on the steeper 
side slopes. Included areas range from 2 to 4 acres in size 
and make up about 10 percent of this mapping unit. 

Permeability is slow, and available water capacity is 
low. Runoff is rapid. The subsoil is moderately plastic and 
has a high shrink-swell potential. The depth of the root 
zone, which is less than 20 inches, averages about 17 
inches. 

This soil has poor potential for crops and good potential 
for native range and tame pasture. It has fair potential 
for recreation and good potential for wildlife. The poten- 
tial for engineering uses is poor. Nearly all areas are used 
for native range or tame pasture. 

This soil is generally not suitable for cultivation. The 
best potential use is native range, hay, or tame pasture. 
The hazard of erosion is severe if the plant cover is 
removed. If the soil is used for native range, control of 
undesirable plants that compete with native grasses is 
needed. Continued heavy grazing reduces the plant com- 
position to annual grasses, shrubs, and trees. Brush con- 
trol in combination with deferred grazing is the best 
method of restoring the potential natural plant communi- 
ty. A timely season of use and a proper distribution of 
livestock are needed. Also, range seeding is needed to 
restore productivity on abandoned cropland. If this soil is 
used for tame pasture, fertilization, proper stocking, rota- 
tion grazing, and a timely season of use are needed to 
maintain and increase forage production. 

This soil is limited for building site development 
because it has a high shrink-swell potential, is seasonally 
wet, and is moderately sloping to moderately steep. The 
harmful effects of shrinking and swelling can be reduced 
by insulating foundations and pavements with a suitable 
intervening layer of sand or gravel. A large spread foot- 
ing is essential. For houses built on slab foundations, the 
harmful effects of shrinking and swelling can be reduced 
by a 12- to 18-inch base of crushed rock well below the 
depth of seasonal expansion. Seasonal wetness can be 
reduced by foundation drains of tile surrounded by a sand 
filter. 

Limitations for septic tank absorption fields are severe 
because of a slow percolation rate, the depth to bedrock, 


the seasonal wetness, and the slope. If this soil is used for 
sewage absorption fields, there is a danger of surface 
seepage below the site. This soil is severely limited for 
sewage lagoons because of the depth to bedrock and the 
slope. Small lagoons can be constructed, in the less slop- 
ing areas, by the use of embankments. Capability unit 
VIs-1; Clay Upland range site. 

Tb—Talihina stony silty clay loam, 8 to 25 percent 
slopes. This strongly sloping to steep, moderately well 
drained soil is on the sides of escarpments and on hills 
capped with limestone. Areas are narrow, long, and ir- 
regularly shaped. They are commonly dissected by. small 
drainageways. Many stones are on the surface. They are 
larger and more numerous along the upper parts of 
slopes. Rocks are exposed on as much as 15 percent of 
the surface. 

Typically, the surface layer is very dark grayish brown 
stony silty clay loam about 7 inches thick. The subsoil is 
dark grayish brown, firm silty clay about 6 inches thick. 
The underlying material to a depth of 17 inches is grayish 
brown silty clay containing many unweathered shale frag- 
ments. Below this is unweathered shale. In places the un- 
weathered shale is at a depth of more than 20 inches. 

Included with this soil in mapping are small intermin- 
gled areas of Zaar soils. These Zaar soils occur in swales 
and short drainageways. They have a black silty clay sur- 
face layer and a silty clay subsoil. Also included are out- 
erops of unweathered shale. These outcrops occur on 
breaks and on the steeper side slopes. Included areas are 
2 to 3 acres in size and make up about 15 percent of this 
mapping unit. 

Permeability is slow, and available water capacity is 
low. Runoff is rapid. The subsoil is moderately plastic and 
has a high shrink-swell potential. The depth of the root 
zone, which is less than 20 inches, averages about 17 
inches. 

This soil has poor potential for crops. It has good 
potential for native range and fair potential for tame 
pasture. The potential for recreation is fair, and the 
potential for wildlife is good. The potential for engineer- 
ing uses is poor. Most areas are used for native range. 

This soil is generally not suitable for cultivation and 
has limited suitability for hay and tame pasture. Main- 
taining pasture and harvesting hay are difficult because 
the rock outcrops and steep slopes hinder the use of farm 
machinery. If this soil is used for native range, control of 
undesirable plants that compete with native grasses is 
needed. Continued heavy grazing reduces the plant com- 
position to annual grasses, shrubs, and trees. Brush con- 
trol in combination with deferred grazing is the best 
method of restoring the potential natural plant communi- 
ty because tillage is not feasible on this soil. A timely 
season of use and a proper distribution of livestock are 
needed. 

This soil is limited for building site development 
because it has a high shrink-swell potential, is seasonally 
wet, and is strongly sloping to steep. The harmful effects 
of shrinking and swelling can be reduced by insulating 
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foundations and pavements with a suitable intervening 
layer of sand or gravel. A large spread footing is essen- 
tial. For houses built on slab foundations, the harmful ef- 
fects of shrinking and swelling can be reduced by a 12- to 
18-inch base of crushed rock well below the depth of 
seasonal expansion. Seasonal wetness can be reduced by 
foundation drains of tile surrounded by a sand filter. 

Limitations for septic tank absorption fields are severe 
because of a slow percolation rate, the depth to bedrock, 
the seasonal wetness, and the strongly sloping to steep 
slopes. If this soil is used for sewage absorption fields, 
there is a danger of surface seepage below the site. The 
soil is severely limited for sewage lagoons because of the 
depth to bedrock and the slope. Onsite investigation is 
needed. Small lagoons can be constructed, in the less slop- 
ing areas, by the use of embankments. Capability unit 
VIIs-1; Clay Upland range site. 

Va—Verdigris silt loam. This nearly level, moderately 
well drained soil is on stream terraces and flood plains. It 
occurs as long, continuous, irregularly shaped areas ad- 
jacent to stream channels. Areas range from 40 to 800 
acres in size. Low areas are subject to occasional flooding. 

Typically, the surface layer is very dark grayish brown 
silt loam about 23 inches thick. The next layer is very 
dark grayish brown, friable and firm heavy silt loam 
about 30 inches thick. Below this to a depth of more than 
60 inches is very dark brown silt loam. In places the sub- 
soil is silty clay loam. In some small areas, the surface 
layer is silty clay loam. 

Included with this soil in mapping are small intermin- 
gled areas of Osage soils. These Osage soils generally oc- 
cupy swales and concave areas. They have a silty clay 
loam surface layer and a silty clay subsoil. They are wet 
longer after periods of rainfall. These included areas are 
less than 2 to 3 acres in size and make up about 10 per- 
cent of the mapping unit. 

Permeability is moderate, and available water capacity 
is high. The surface layer is friable, and tilth is good. The 
subsoil has a moderate shrink-swell potential. In unlimed 
areas, the surface layer and subsoil are commonly medi- 
um acid. 

This soil has good potential for crops, native range, and 
tame pasture. The potential for recreation and wildlife is 
good. The potential for engineering uses is fair. The 
potential for trees is good. Nearly all areas are used for 
crops. 

All locally grown crops are suited. Corn, soybeans, 
grain sorghum, and wheat are the most common crops. 
Maintaining good tilth and fertility is essential. Crop 
residue management helps maintain good tilth and in- 
creases the organic-matter content. 

Native grass, hay, and tame pasture are also suited. If 
this soil is used for native range, control of undesirable 
plants that compete with native grasses is needed. Under 
prolonged overgrazing, desirable tall grasses decrease and 
short grasses, woody plants, weeds, and trees increase. 
Essential in range management are a proper degree of 
use, a timely season of use, and a proper distribution of 


livestock. If this soil is used for tame pasture, fertiliza- 
tion, proper stocking, rotation grazing, and a timely. 
season of use are needed to maintain and increase forage 
production. 

This soil is suited to trees, but only a small acreage is 
wooded. Improving the timber stand is important in 
woodland management. 

This soil is limited for building site development 
because of the hazard of flooding. In areas protected 
against flooding, it is slightly to moderately limited 
because of the moderate shrink-swell potential. The harm- 
ful effects of shrinking and swelling can be reduced by in- 
sulating foundations and pavements with a suitable inter- 
vening layer of sand or gravel. For houses built on slab 
foundations, these harmful effects can be reduced by a 
12- to 18-inch base of crushed rock well below the depth 
of seasonal expansion. For houses with basements, the 
harmful effects of shrinking and swelling and wetness can 
be reduced by proper design. The harmful effects of 
shrinking and swelling can be reduced by designing walls 
that have pilasters and are reinforced with concrete and 
by supporting the walls with a large spread footing. Also, 
the basement floor can be laid on 12 to 18 inches of 
crushed rock.. 

This soil is severely limited for septic tank absorption 
fields because it is subject to flooding. In areas protected 
against flooding, it is slightly limited. It is suited to 
sewage lagoons if protected against flooding. Capability 
unit IIw-2; Loamy Lowland range site. 

Vb—Verdigris silt loam, channeled. This nearly level, 
moderately well drained soil is on narrow flood plains 
that have short, moderately sloping side slopes. It is along 
small drainageways and adjacent to the Neosho River 
channel. Areas are long and are about 200 feet to 350 feet 
wide. They are dissected by small meandering channels. 
This soil is subject to frequent flooding. 

Typically, the surface layer is very dark grayish brown 
silt loam about 23 inches thick. The next layer is very 
dark grayish brown, friable and firm silt loam about 30 
inches thick. Below this to a depth of more than 60 inches 
is very dark brown silt loam. In places limestone is at a 
depth of 20 to 40 inches. In most areas adjacent to the 
Neosho River channel, the surface layer and subsoil con- 
tain more clay than is typical. 

Included with this soil in mapping are small intermin- 
gled areas of Osage soils. These Osage soils have a silty 
clay loam surface layer and a silty clay subsoil. Also in- 
cluded on side slopes are soils that are similar to the 
upland soils through which this mapping unit extends. In- 
cluded areas make up about 16 percent of the mapping 
unit. 

Permeability is moderate, and available water capacity 
is high. The subsoil has a moderate shrink-swell potential. 
This soil is wet most of the time. 

This soil has poor potential for crops, good potential for 
native range, and fair potential for tame pasture. It has 
poor potential for recreation and good potential for wil- 
dlife. The potential for engineering uses is poor. The 
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potential for trees is good. Farm stockwater ponds are 
common in areas of this soil. Nearly all areas are in na- 
tive grass. The soil is also used as waterways for terrace 
outlets. 

This soil is generally not suitable for cultivation. Flood- 
ing and wet conditions hinder the use of farm machinery. 
Water erosion is a hazard if plant cover is lacking. The 
best potential use is native range or woodland. If the soil 
is used for native range, control of undesirable plants that 
compete with native grasses is needed. Continued heavy 
grazing reduces the plant composition to annual grasses, 
shrubs, and trees. Brush control in combination with 
deferred grazing is the best method of restoring the 
potential natural plant community because tillage is not 
feasible on this soil. Essential in range management are a 
proper degree of use, a timely season of use, and a proper 
distribution of livestock. 

This soil is suited to trees, but only a small acreage is 
wooded. Most areas adjacent to the Neosho River channel 
are wooded. Improving the timber stand is important in 
woodland management. 

This soil is generally unsuited as a site for houses or 
other small structures because it is wet, is subject to 
flooding, and has a moderate shrink-swell potential. In 
areas that are drained and protected against flooding, the 
harmful effects of shrinking and swelling can be reduced 
by insulating foundations and pavements with a suitable 
intervening layer of sand or gravel. 

This soil is generally unsuited to septic tank absorption 
fields because of the wetness and the frequent flooding. 
It is also generally unsuited to sewage lagoons. Capability 
unit Vw-1; Loamy Lowland range site. 

Wa—Woodson silt loam. This nearly level, somewhat 
poorly drained soil is in broad upland areas. It occurs as 
large, irregularly shaped areas that range from about 40 
to 1,000 acres in size. 

Typically, the surface layer is very dark gray silt loam 
about 8 inches thick. The boundary between the surface 
layer and the subsoil is abrupt. The subsoil to a depth of 
more than 60 inches is very firm silty clay. The upper 
part is very dark gray, and the lower part is gray. In 
places the soil has a subsurface layer of friable, dark 
grayish brown silt loam. 

Included with this soil in mapping are small intermin- 
gled areas of Zaar soils. These Zaar soils generally occur 
in concave areas in drainageways. They have a black silty 
clay surface layer and a silty clay subsoil. Included areas 
range from 2 to 4-acres in size and make up about 10 per- 
cent of this mapping unit. 

Permeability is very slow, and available water capacity 
is moderate. Runoff is slow. The surface layer is friable, 
and tilth is fair. The subsoil is highly plastic and has a 
high shrink-swell potential. In most places this soil has a 
temporary perched water table above the clay subsoil 
during rainy periods. In most unlimed areas, the surface 
layer and subsoil are medium acid. 

This soil has good potential for crops, tame pasture, and 
native range (fig. 12). It has poor potential for recreation 


and good potential for wildlife. The potential for en- 
gineering uses is poor. Most areas are used for crops. 

Locally grown crops are suited. Yields are affected by 
prolonged wetness or by dry periods. Soybeans, grain 
sorghum, and wheat are the most common crops. The clay 
subsoil fails to release water readily for plants, and the 
soil is droughty during extended periods of low rainfall. 
Corn and other crops are sometimes damaged during 
these dry periods. If the soil is cultivated. under poor 
management, water erosion and soil blowing can be 
problems. Maintaining tilth and the content of organic 
matter are also concerns. Conservation practices, such as 
crop residue management, terracing, and contour farming, 
help control erosion in cultivated areas. Some nearly level 
or weakly concave areas require surface drainage. 

If this soil is used for native range, control of undesira- 
ble plants that compete with native grasses is needed. 
Under prolonged overgrazing, desirable tall grasses 
decrease and short grasses, woody plants, weeds, and 
trees increase. Essential in range management are a 
proper degree of use, a timely season of use, and a proper 
distribution of livestock. Also, range seeding is needed to 
restore productivity on abandoned cropland. If the soil is 
used for tame pasture, fertilization, proper stocking, rota- 
tion grazing, and a timely season of use are needed to 
maintain and increase forage production. 

This soil is limited for building site development 
because it has a high shrink-swell potential and is 
seasonally wet. The harmful effects of shrinking and 
swelling can be reduced by insulating foundations and 
pavements with a suitable intervening layer of sand or 
gravel. A large spread footing is essential. For houses 
built on slab foundations, the harmful effects-of shrinking 
and swelling can be reduced by a 12- to 18-inch base of 
crushed rock well below the depth of seasonal expansion. 
For houses with basements, the harmful effects of shrink- 
ing and swelling and wetness can be reduced by proper 
design. The harmful effects of shrinking and swelling can 
be reduced by designing walls that have pilasters and are 
reinforced with concrete and by supporting the walls with 
a large spread footing. Also, the basement floor can be 
laid on 12 to 18 inches of crushed rock. Seasonal wetness 
can be reduced by foundation drains of tile surrounded by 
a sand filter. 

This soil is severely limited for septic tank absorption 
fields because of a slow percolation rate and the seasonal 
wetness. Increasing the size of the absorption field and 
installing perimeter drains around the absorption field 
can improve the functioning of septic tank systems. This 
soil is suited to sewage lagoons. Capability unit IIs-1; 
Clay Upland range site. 

Za—Zaar silty clay, 1 to 3 percent slopes. This gently 
sloping, somewhat poorly drained soil is on foot slopes 
below areas of limestone and along slightly concave 
upland drainageways. It occurs as long, irregularly shaped 
areas that range from 20 to 500 acres in size. 

Typically, the surface layer is black, firm silty clay 
about 18 inches thick. The subsoil is about 39 inches thick. 
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The upper part is black to very dark grayish brown, firm 
silty clay, and the lower part is dark brown, very firm 
silty clay. The underlying material to a depth of more 
than 60 inches is mixed olive brown and dark yellowish 
brown silty clay. In places the surface layer is silty clay 
loam or silt loam. 

Included with this soil in mapping are small areas of 
drainageways and flood plains less than 200 feet wide. In- 
cluded areas range from 2 to 4 acres in size and make up 
about 10 percent of this mapping unit. 

Permeability is very slow, and available water capacity 
is moderate. Runoff is medium. The surface layer is firm, 
and tilth is fair. The subsoil is highly plastic and has a 
high shrink-swell potential. This soil has a perched 
seasonal high water table. Cracks are common during pro- 
longed dry periods. In most unlimed areas, the surface 
layer and subsoil are medium acid. 

This soil has good potential for crops, native range, and 
tame pasture. The potential for recreation is poor, and the 
potential for wildlife is good. The potential for engineer- 
ing uses is poor. Most areas are used for crops. 

Locally grown crops are suited. Yields are affected by 
prolonged wetness or by dry periods. Soybeans, grain 
sorghum, and wheat are the most common crops. Wetness 
during periods of seeding and harvest is a problem in 
some years. The silty clay subsoil fails to release water 
readily for plants, and the soil is droughty during ex- 
tended periods of low rainfall. Corn and other crops are 
sometimes damaged during these dry periods. If the soil 
is cultivated under poor management, water erosion and 
soil blowing can be problems. Maintaining. tilth and the 
content of organic matter are also concerns. Conservation 
practices, such as crop residue management, terracing, 
and contour farming, help control erosion in cultivated 
areas. 

If this soil is used for native range, control of undesira- 
ble plants that compete with native grasses is needed. 
Under prolonged overgrazing, desirable tall grasses 
decrease and short grasses, woody plants, weeds, and 
trees increase. Essential in range management are a 
proper degree of use, a timely season of use, and a proper 
distribution of livestock. Also, range seeding is needed to 
restore productivity on abandoned cropland. If the soil is 
used for tame pasture, fertilization, proper stocking, rota- 
tion grazing, and a timely season of use are needed to 
maintain and increase forage production. 

This soil is limited for building site development 
because it has a high shrink-swell potential and is 
seasonally wet. Seasonal wetness can be reduced by foun- 
dation drains of tile surrounded by sand filter. The harm- 
ful effects of shrinking and swelling can be reduced by in- 
sulating foundations and pavements with a suitable inter- 
vening layer of sand or gravel. A large spread footing is 
essential. For houses built on slab foundations, the harm- 
ful effects of shrinking and swelling can be reduced by a 
12- to 18-inch base of crushed rock well below the depth 
of seasonal expansion. For houses with basements, the 
harmful effects of shrinking and swelling and wetness can 


be reduced by proper design. The harmful effects of 
shrinking and swelling can be reduced by designing walls 
that have pilasters and are reinforced with concrete and 
by supporting the walls with a large spread footing. Also, 
the basement floor can be laid on 12 to 18 inches of 
erushed rock. Wetness can be reduced by installing tile 
and sand filter drains below footings. 

This soil is severely limited for septic tank absorption 
fields because of a slow percolation rate and the seasonal 


-wetness. Increasing the size of the absorption field and 


installing perimeter drains around the absorption field 
can improve the functioning of septic tank systems. This 
soil is suited to sewage lagoons. Capability unit IIIe-3; 
Clay Upland range site. 

Zb—Zaar silty clay, 3 to 7 percent slopes. This 
moderately sloping, somewhat poorly drained soil is along 
drainageways and on slightly concave foot slopes below 
areas of limestone. It occurs as irregularly shaped areas 
that range from 20 to 200 acres in size. , 

Typically, the surface layer is black, firm silty clay 
about 14 inches thick. The subsoil is about 36 inches thick. 
The upper part is black to very dark grayish brown, firm 
silty clay, and the lower part is dark brown, very firm 
silty clay. The underlying material to a depth of more 
than 60 inches is mixed olive brown and dark yellowish 
brown silty clay. In places the surface layer is silty clay 
loam. In a few eroded spots, the surface layer, which is 
high in content of organic matter, has been removed. 

Included with this soil in mapping are drainageways 
and flood plains less than 200 feet wide. Included areas 
range from 2 to 4 acres in size and make up about 10 per- 
cent of this mapping unit. 

Permeability is very slow, and available water capacity 
is moderate. Runoff is medium. The surface layer is firm, 
and tilth is fair. The subsoil is highly plastic and has a 
high shrink-swell potential. This soil has a perched 
seasonal high water table. Cracks are common during pro- 
longed dry periods. In most unlimed areas, the surface 
layer and subsoil are medium acid. 

This soil has poor potential for crops and good potential 
for native range and tame pasture. The potential for 
recreation is poor, and the potential for wildlife is good. 
The potential for engineering uses is poor. About half of 
the acreage is used for crops. 

Locally grown crops are suited. Yields are affected by 
prolonged wetness or by dry periods. Grain sorghum, 
wheat, and soybeans are the most common crops. Wet- 
ness during periods of seeding and harvest is a problem 
in some years. The silty clay subsoil fails to release water 
readily for plants, and the soil is droughty during ex- 
tended periods of low rainfall. Corn and other crops are 
sometimes damaged during these dry periods. If the soil 
is cultivated under poor management, water erosion and 
soil blowing ean be problems. Increasing the content of 
organic matter and maintaining tilth are also concerns. 
Conservation practices, such as crop residue management, 
terracing, and contour farming, help control erosion in 
cultivated areas. Conservation practices are difficult to 
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apply and maintain, however, because of the slope and the 
silty clay surface layer. 

If this soil is used for native range, control of undesira- 
ble plants that compete with native grasses is needed. 
Under prolonged overgrazing, desirable tall grasses 
decrease and short grasses, woody plants, weeds, and 
trees increase. Essential in. range management are a 
proper degree of use, a timely season of use, and a proper 
distribution of livestock. Also, range seeding is needed to 
restore productivity on abandoned cropland. If the soil is 
used for tame pasture, fertilization, proper stocking, rota- 
tion grazing, and a timely season of use are needed to 
maintain and increase forage production. 

This soil is limited for building site development 
because it has a high shrink-swell potential and is 
seasonally wet. Seasonal wetness can be reduced by foun- 
dation drains of tile surrounded by a sand filter. The 
harmful effects of shrinking and swelling can be reduced 
by insulating foundations and pavements with a suitable 
intervening layer of sand or gravel. A large spread foot- 
ing is essential. For houses built on slab foundations, the 
harmful effects of shrinking and swelling can be reduced 
by a 12- to 18-inch base of crushed rock well below the 
depth of seasonal expansion. For houses with basements, 
the harmful effects of shrinking and swelling and wetness 
can be reduced by proper design. The harmful effects of 
shrinking and swelling can be reduced by designing walls 
that have pilasters and are reinforced with concrete and 
by supporting the walls with a large spread footing. Also, 
the basement floor can be laid on 12~>to 18 inches of 
crushed rock. Wetness can be reduced by installing tile 
and sand filter drains below footings. 

This soil is severely limited for septic tank absorption 
fields because of a slow percolation rate and the seasonal 
wetness. Increasing the size of the absorption field and 
installing perimeter drains around the absorption field 
can improve the functioning of septic tank systems. This 
soil is suited to sewage lagoons. Capability unit IVe-3; 
Clay Upland range site. 


Use and management of the soils 


The soil survey is a detailed inventory and evaluation 
of the most basic resource of the survey area—the soil. It 
is useful in adjusting land use, including urbanization, to 
the limitations and potentials of natural resources and the 
environment. Also, it can help avoid soil-related failures 
in uses of the land. 

. While a soil survey is in progress, soil scientists, con- 
servationists, engineers, and others keep extensive notes 
about the nature of the soils and about unique aspects of 
behavior of the soils. These notes include data on erosion, 
drought damage to specific crops, yield estimates, flood- 
ing, the functioning of septic systems, and other factors 
affecting the productivity, potential, and limitations of the 
soils under various usés and management. In this way, 
field experience and measured data on soil properties and 


performance are used as a basis for predicting soil 
behavior. 

Information in this section is useful in planning use and 
management of soils for crops and pasture, rangeland, 
and woodland, and as sites for buildings, highways and 
other transportation systems, sanitary facilities, parks 
and other recreation facilities, and wildlife habitat. From 
the data presented, the potential of each soil for specified 
land uses can be determined, soil limitations to these land 
uses can be identified, and costly failures in houses and 
other structures, caused by unfavorable soil properties, 
can be avoided. A site where soil properties are favorable 
can be selected, or practices that will overcome the soil 
limitations can be planned. 

Planners and others using the soil survey can evaluate 
the impact of specific land uses on the overall productivi- 
ty of the survey area or other broad planning area and on 
the environment. Productivity and the environment are 
closely related to the nature of the soil. Plans should 
maintain or create a land-use pattern in harmony with the 
natural soil. 

Contractors can find information that is useful in locat- 
ing sources of sand and gravel, roadfill, and topsoil. Other 
information indicates the presence of bedrock, wetness, or 
very firm soil horizons that cause difficulty in excavation. 

Health officials, highway officials, engineers, and many 
other specialists also can find useful information in this 
soil survey. The safe disposal of wastes, for example, is 
closely related to properties of the soil. Pavements, side- 
walks, campsites, playgrounds, lawns, and trees and 
shrubs are influenced by the nature of the soil. 


Crops and pasture 


The major management concerns in the use of the soils 
for crops and pasture are described in this section. In ad- 
dition, the crops or pasture plants best suited to the soil, 
including some not commonly grown in the survey area, 
are discussed; the system of land capability classification 
used by the Soil Conservation Service is explained; and 
the estimated yields of the main crops and hay and 
pasture plants are presented for each soil. 

This section provides information about the Sena 
agricultural potential of the survey area and about the 
needed management practices. The information is useful 
to equipment dealers, land improvement contractors, fer- 
tilizer companies, processing companies, planners, conser- 
vationists, and others. For each kind of soil, information 
about management is presented in the section “Soil maps 
for detailed planning.” Planners of management systems 
for individual fields or farms should also consider the 
detailed information given in the description of each soil. 

More than 300,000 acres in thé survey area was used 
for crops, rangeland, and pasture in 1975. Of this total, 
about 90,000 acres was used for rangeland; 50,000 acres 
for hayland and tame pasture; 105,000 acres for row 
crops, mainly corn, soybeans, and grain sorghum; 40,000 
acres for close growing crops, mainly wheat and alfalfa; 
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and about 11,000 acres for woodland. A small acreage was 
idle cropland. 

The potential of the soils in Allen County for increased 
production of food is good. About 35,000 acres of poten- 
tially good cropland is used as rangeland and about 35,000 
acres as tame pasture. Food production could also be in- 
creased considerably by extending the latest crop produc- 
tion technology to all cropland in the county. This soil sur- 
vey can greatly facilitate the application of such technolo- 


The acreage in crops and pasture has gradually 
decreased as more and more land is used for urban 
development. In 1975, an estimated 27,000 acres was 
urban land or built-up land. The acreage under urban 
development has been increasing at the rate of about 100 
acres per year. The use of this soil survey to help make 
land-use decisions that influence the future role of farm- 
ing in the county is described in the section “General soil 
map for broad land-use planning.” 

Soil erosion is the major problem on most of the 

cropland and pasture in Allen County. If the slope is 2 
percent or more, erosion is a hazard. Bates, Dennis, Eram, 
and Kenoma soils have slopes of 2 percent or more. 
’ Loss of the surface layer through erosion is damaging 
for two reasons. Firstly, productivity is reduced if the 
surface layer is lost and part of the subsoil is incor- 
porated into the plow layer. Loss of the surface layer is 
especially damaging on soils with a clayey subsoil, such as 
Kenoma and Dennis soils, and on soils with a layer in or 
below the subsoil that limits the depth of the root. zone. 
Such a layer includes the shale in Eram and Talihina soils 
and the bedrock in Bates, Catoosa, Collinsville, and 
Nowata soils. Secondly, soil erosion on farmland results in 
sediment entering streams. Control of erosion minimizes 
the pollution of streams by sediment and improves the 
quality of water for municipal use, for recreation, and for 
fish and wildlife. 

Preparing a good seedbed and tilling are difficult in 
many sloping fields that have clayey or hardpan spots 
because the original friable surface soil has been eroded 
away. Such spots are common in areas of the eroded 
Bates and Eram soils. 

Erosion control provides protective surface cover, 
reduces runoff, and increases infiltration. A cropping 
system that keeps vegetative cover on the soil surface for 
extended periods can restrict soil losses to an amount 
that will not reduce the productive capacity of the soils. 
On livestock farms, which require pasture and hay, 
legume and grass forage crops in the cropping systems 
not only provide nitrogen and improve tilth for the fol- 
lowing crop but also reduce the risk of erosion on sloping 
soils. 

Minimizing tillage and leaving crop residue on the sur- 
face help to increase the infiltration rate and reduce the 
hazards of runoff and erosion. They can be adapted to 
most soils in the survey area, but are less successful on 
eroded soils and on the soils that have a clayey surface 
layer, such as Eram and Zaar soils. No-tillage for corn, 


grain sorghum, and soybeans, which is common on an in- 
creasing acreage, is effective in reducing the risk of ero- 
sion on sloping soils and ean be adapted to most soils in 
the survey area. It is less successful, however, on the 
soils with a clayey surface layer. 

Terraces and diversions reduce the length of slopes, ru- 
noff, and the risk of erosion. They are most practical on 
the deep, well drained and moderately well drained soils 
that have regular slopes. Most arable upland soils in Allen 
County are suited to terraces. The other soils are less 
suited to terraces and diversions because of irregular 
slopes; chert fragments, which would be exposed in ter- 
race channels; or bedrock within a depth of 20 inches. 

Soil blowing is a hazard on the loamy Bates and 
Talihina soils and on the silty Catoosa soils. Soil blowing 
can damage these soils in a few hours if winds are strong 
and the soils are dry and bare of vegetation or surface 
mulch. Vegetative cover, surface mulch, or rough surfaces 
resulting from proper tillage minimize the risk of soil 
blowing on these soils. 

Information on the design of erosion control for each 
kind of soil is contained in the Technical Guide, which is. 
available in local offices of the Soil Conservation Service. 

Soil fertility is low in most upland soils in the survey 
area. All the soils are naturally acid. The soils on flood 
plains and terraces are naturally higher in content of 
plant nutrients than most upland soils. 

Many upland soils are naturally strongly acid. If they 
have never been limed, they require applications of 
ground limestone to raise the pH level sufficiently for 
good growth of alfalfa and other crops that grow only on 
nearly neutral soils. Available phosphorous and potash 
levels are low in most of these soils. On all soils, additions 
of lime and fertilizer should be based on the results of 
soils tests, on the needs of the crops, and on the expected 
level of yields. The Cooperative Extension Service can 
help in determining the kinds and amounts of fertilizer 
and lime to apply. 

Soil tilth is important in the germination of seeds and 
in the infiltration of water into the soil. Soils with good 
tilth are granular and porous. 

Many of the soils used for crops in the survey area 
have a silt loam or silty clay loam surface layer that is 
low in content of organic matter. Generally, the structure 
of such soils is weak, and intense rainfall causes the for- 
mation of crust on the surface. The crust is hard when 
dry and is nearly impervious to water. Once the crust 
forms, it reduces infiltration and increases runoff. Regu- 
lar additions of crop residue, manure, and other organic 
material can improve soil structure and reduce crust for- 
mation. 

Poor or only fair tilth is a problem in the clayey Osage 
and Zaar soils because these soils often stay wet until 
late in spring. If the soils are wet. when plowed, they tend 
to be very cloddy when dry and a good seedbed is dif- 
ficult to prepare. Fall plowing generally results in good 
tilth in the spring. 
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Field crops suited to the soils and climate of the survey 
area include many that are not commonly grown. Castor 
beans, sunflowers, navy beans, flax, and sweet corn can 
be grown if economic conditions are favorable. 


Yields per acre 


The average yields per acre that can be expected of the 
principal crops under a high level of management are 
shown in table 5. In any given year, yields may be higher 
or lower than those indicated in the table because of 
variations in rainfall and other climatic factors. Absence 
of an estimated yield indicates that the crop is not suited 
to or not commonly grown on the soil. 

The estimated yields were based mainly on the ex- 
perience and records of farmers, conservationists, and ex- 
tension agents. Results of field trials and demonstrations 
and available yield data from nearby counties were also 
considered. 

The yields were estimated assuming that the latest soil 
and crop management practices were used. Hay and 
pasture yields were estimated for the most productive 
varieties of grasses and legumes climatically suited to the 
area and the soil. A few farmers may be obtaining 
average yields higher than those shown in table 5. 

The management needed to achieve the indicated yields 
of the various crops depends on the kind of soil and the 
crop. Such management provides drainage, erosion con- 
trol, and protection from flooding; the proper planting 
and seeding rates; suitable high-yielding crop varieties; 
appropriate tillage practices, including time of tillage and 
seedbed preparation and tilling when soil moisture is 
favorable; control of weeds, plant diseases, and harmful 
insects; favorable soil reaction and optimum levels of 
nitrogen, phosphorus, potassium, and trace elements for 
each crop; effective use of crop residues, barnyard 
manure, and green-manure crops; harvest of crops with 
the smallest possible loss; and timeliness of all fieldwork. 

The estimated yields reflect the productive capacity of 
the soils for each of the principal crops. Yields are likely 
to increase as new production technology is developed. 
The productivity of a given soil compared with that of 
other soils, however, is not likely to change. 

Crops other than those shown in table 5 are grown in 
the survey area, but estimated yields are not included 
because the acreage of these crops is small. The local of- 
fices of the Soil Conservation Service and the Coopera- 
tive Extension Service can provide information about the 
management concerns and productivity of the soils for 
these crops. 


Capability classes and subclasses 


Capability classes and subclasses show, in a general 
way, the suitability of soils for most kinds of field crops. 
The soils are classed according to their limitations when 
they are used for field crops, the risk of damage when 
they are used, and the way they respond to treatment 
The grouping does not take into account major and 


generally expensive landforming that would change slope, 
depth, or other characteristics of the soils; does not take 
into consideration possible but unlikely major reclamation 
projects; and does not apply to rice, cranberries, horticul- 
tural crops, or other crops that require special manage- 
ment. Capability classification is not a substitute for in- 
terpretations designed to show suitability and limitations 
of groups of soils for rangeland, for forest trees, or for 
engineering purposes. 

In the capability system, all kinds of soil are grouped at 
three levels: capability class, subclass, and unit (12). These 
levels are defined in the following paragraphs. A survey 
area may not have soils of all classes. 

CAPABILITY CLASSES, the broadest groups, are 
designated by Roman numerals I through VIII. The nu- 
merals indicate progressively greater limitations and nar- 
rower choices for practical use; they are defined as fol- 
lows: 

Class I soils have few limitations that restrict their use. 

Class II soils have moderate limitations that reduce the 
choice of plants or that require moderate conservation 
practices. 

Class III soils have severe limitations that reduce the 
choice of plants, or that require special conservation prac- 
tices, or both. 

Class IV soils have very severe limitations that reduce 
the choice of plants, or that require very careful manage- 
ment, or both. 

Class V soils are not likely to erode but have other 
limitations, impractical to remove, that limit their use. 

Class VI soils have severe limitations that make them 
generally unsuitable for cultivation. 

Class VII soils have very severe limitations that make 
them unsuitable for cultivation. 

Class VIII soils and landforms have limitations that 
nearly preclude their use for commercial crop production. 

CAPABILITY SUBCLASSES are soil groups within 
one class; they are designated by adding a small letter, e, 
w, 8, or c, to the class numeral, for example, IIe. The 
letter e shows that, the main limitation is risk of erosion 
unless close-growing plant cover is maintained; w shows 
that water in or on the soil interferes with plant growth 
or cultivation (in some soils the wetness can be partly 
corrected by artificial drainage); s shows that the soil is 
limited mainly because it is shallow, droughty, or stony; 
and ¢, used in only some parts of the United States, 
shows that the chief limitation is climate that is too cold 
or too dry. 

In class I there are no subclasses because the soils of 
this class have few limitations. Class V contains only the 
subclasses indicated by w, s, or c because the soils in class 
V are subject to little or no erosion, though they have 
other limitations that restrict their use to pasture, range- 
land, woodland, wildlife habitat, or recreation. 

The capability unit is identified in the description of 
each soil mapping unit in the section “Soil maps for 
detailed planning.” Capability units are soil groups within 
the subclasses. The soils in one capability unit are enough 
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alike to be suited to the same crops and pasture plants, to 
require similar management, and to have similar produc- 
tivity. Thus, the capability unit is a convenient grouping 
for making many statements about management of soils. 
Capability units are generally designated by adding an 
Arabie numeral to the subclass symbol, for example, IIe-3 
or IIIe-5, 


Rangeland 


Much of the farm income in Allen County is from the 
sale of beef cattle and dairy products. The number of cat- 
tle, including calves, in the county is commonly between 
45,000 and 55,000. The major source of livestock feed is 
native range and tame pasture, but crops and their by- 
products are commonly used as supplemental feed. There 
are no large areas of range. Nearly all areas of range are 
intermingled with cultivated fields throughout the county. 
These areas are generally too rocky or too steep to be 
cultivated or are areas that have been set aside for native 
hay production. 

The native vegetation in many parts of the survey area 
has been greatly depleted’ by continued excessive use. 
Much of the acreage that was once open grassland is now 
covered with brush, weeds, and osageorange. The amount 
of forage presently produced may be less than half of 
that originally produced. Productivity of the range can be 
increased by using management that is effective for 
specific kinds of soil and range sites. 

Where climate and topography are about the same, dif- 
ferences in the kind and amount of vegetation that range- 
land can produce are related closely to the kind of soil. 
Effective management is based on the relationships 
among soils, vegetation, and water. 

Table 6 shows, for each kind of soil, the name of the 
range site; the total annual production of vegetation in 
favorable, normal, and unfavorable years; the charac- 
teristic vegetation; and the expected percentage of each 
species in the composition of the potential natural plant 
community. Soils not listed cannot support a natural plant 
community of predominately grasses, grasslike plants, 
forbs, or shrubs suitable for grazing or browsing. The fol- 
lowing are explanations of column headings in table 6. 

A range site is a distinctive kind of rangeland that dif- 
fers from other kinds of rangeland in its ability to 
produce a characteristic natural plant community. Soils 
that produce a similar kind, amount, and proportion. of 
range plants are grouped into range sites. For those areas 
where the relationship between soils and vegetation has 
been established, range sites can be interpreted directly 
from the soil map. Properties that determine the capacity 
of the soil to supply moisture and plant nutrients have 
the greatest influence on the productivity of range plants. 
Soil reaction, salt content, and a seasonal high water table 
are also important. 

Potential production refers to the amount of vegetation 
that can be expected to grow annually on well-managed 
rangeland that is supporting the potential natural plant 


community. It is expressed in pounds per acre of air-dry 
vegetation for favorable, normal, and unfavorable years. 
In a favorable year the amount and distribution of 
precipitation and the temperatures are such that growing 
conditions are substantially better than average; in a nor- 
mal year these conditions are about average for the area; 
in an unfavorable year, growing conditions are well below 
average, generally because of low available soil moisture. 

Dry weight refers to the total air-dry vegetation 
produced per acre each year by the potential natural 
plant community. Vegetation that is highly palatable to 
livestock and vegetation that is unpalatable are included. 
Some of the vegetation can also be grazed extensively by 
wildlife. 

Common plant names of grasses, grasslike plants, 
forbs, and shrubs that make up most of the potential 
natural plant community on each soil are listed in table 6. 
Under Composition, the expected proportion of each spe- 
cies is presented as the percentage, in air-dry weight, of 
the total annual production of herbaceous and woody 
plants. Because only major species are listed, percentages 
do not necessarily total 100. The amount that can be used 
as forage depends on the kinds of grazing animals and on 
the grazing season. Generally all of the vegetation 
produced is not used. 

Range management requires, in addition to knowledge 
of the kinds of soil and the potential natural plant com- 
munity, an evaluation of the present condition of the 
range vegetation in relation to its potential. Range condi- 
tion is determined by comparing the present plant com- 
munity with the potential natural plant community on a 
particular range site. The more closely the existing com- 
munity resembles the potential community, the better the 
range condition. The objective in range management is to 
control grazing so that the plants growing on a site are 
about the same in kind and amount as the potential natu- 
ral plant community for that site. Such management 
generally results in the maximum production of vegeta- 
tion, conservation of water, and control of erosion. Some- 
times, however, a range condition somewhat below the 
potential meets grazing needs, provides wildlife habitat, 
and protects soil and water resources. 

The major management concern on most rangeland is 
control of grazing so that the kinds and amounts of plants 
that make up the potential natural plant community are 
reestablished. Manipulating or reducing undesirable brush 
species and minimizing soil blowing are also important 
management concerns. Sound range management based 
on soil survey information and other rangeland inventory 
information is the basis for maintaining or improving 
forage production. 


Woodland management and productivity 


About 11,000 acres of woodland is in Allen County. 
Most of the wooded areas occur as small, irregularly 
shaped tracts along streams (fig. 13). Only a small part of 
the woodland is managed for timber production. Nearly 
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all of the woodland is grazed by livestock. Wooded areas 
also provide food and cover for wildlife, and some areas 
are used for recreation. The principal native trees in the 
county are ash, hackberry, bur oak, red oak, white oak, 
pin oak, sycamore, maple, black walnut, pecan, hickory, 
and elm. Most of these trees are cut for saw logs when 
they reach adequate size. A few are cut for fuel or for 
fenceposts. Hedgerows and fence row plantings of 
osageorange are throughout the county. These trees grow 
extensively on overgrazed range. They are used for fen- 
ceposts. 

The bottom land soils have a high potential for the 
production of trees that grow to timber size, but most of 
these soils are used for small grain, row crops, and alfalfa. 
The upland soils have little potential for the production of 
saw logs. The trees on the hilly uplands provide protec- 
tion for watersheds. 

Some nuts are harvested from pecan and walnut trees, 
but the acreage of these trees is small. In a few areas, 
groves of pecan trees have been cleaned of undesirable 
competitive trees and are managed for the production of 
nuts. 

Table 7 contains information useful to woodland owners 
or forest managers planning use of soils for wood crops. 
Mapping unit symbols for soils suitable for wood crops 
are listed alphabetically by soil name. 

In table 7 the soils are rated for a number of factors to 
be considered in management. Slight, moderate, and 
severe are used to indicate the degree of major soil limita- 
tions. 

Ratings of the erosion hazard indicate the risk of loss 
of soil in well-managed woodland. The risk is slight if the 
expected soil less is small, moderate if some measures are 
needed to control erosion during logging and road con- 
struction, and severe if intensive management or special 
equipment and methods are needed to prevent excessive 
loss of soil. 

Ratings of equipment limitation reflect the charac- 
teristics and conditions of the soil that restrict use of the 
equipment generally needed in woodland management or 
harvesting. A rating of slight indicates that use of equip- 
ment is not limited to a particular kind of equipment or 
time of year; moderate indicates a short seasonal limita- 
tion or a need for some modification in management or 
equipment; severe indicates a seasonal limitation, a need 
for special equipment or management, or a hazard in the 
use of equipment. 

Seedling mortality ratings indicate the degree that the 
soil affects expected mortality of planted tree seedlings 
when plant competition is not a limiting factor. Seedlings 
from good planting stock that are properly planted during 
a period of sufficient rainfall are rated. A rating of slight 
indicates that the expected mortality of the planted 
seedlings is less than 25 percent; moderate, 25 to 50 per- 
cent; and severe, more than 50 percent. 

Considered in the ratings of windthrow hazard are 
characteristics of the soil that affect the development of 
tree roots and the ability of soil to hold trees firmly. A 


rating of slight indicates that trees in wooded areas are 
not expected to be blown down by commonly occurring 
winds; moderate, that some trees are blown down during 
periods of excessive soil wetness and strong winds; and 
severe, that many trees are blown down during periods of 
excessive soil wetness and moderate or strong winds. 

Ratings of plant competition indicate the degree to 
which undesirable plants are expected to invade or grow 
if openings are made in the tree canopy. The invading 
plants compete with native plants or planted seedlings by 
impeding or preventing their growth. A rating of slight 
indicates little or no competition from other plants; 
moderate indicates that plant competition is expected to 
hinder the development of a fully stocked stand of desira- 
ble trees; severe means that plant competition is expected 
to prevent the establishment of a desirable stand unless 
the site is intensively prepared, weeded, or otherwise 
managed for the control of undesirable plants. 

The potential productivity of merchantable or impor- 
tant trees on a soil is expressed as a site index. This index 
is the average height, in feet, that dominant and codomi- 
nant trees of a given species attain in a specified number 
of years. The site index applies to fully stocked, even- 
aged, unmanaged stands. Important trees are those that 
woodland managers generally favor in intermediate or im- 
provement cuttings. They are selected on the basis of 
growth rate, quality, value, and marketability. 

Trees to plant are those that are suitable for commer- 
cial wood production and that are suited to the soils. 


Engineering 


This section provides information about the use of soils 
for building sites, sanitary facilities, construction material, 
and water management. Among those who can benefit 
from this section are engineers, landowners, community 
planners, town and city managers, land developers, buil- 
ders, contractors, and farmers and ranchers. 

The ratings in the engineering tables are based on test 
data and estimated data in the “Soil properties” section. 
The ratings were determined jointly by soil scientists and 
engineers of the Soil Conservation Service using known 
relationships between the soil properties and the behavior 
of soils in various engineering uses. 

Among the soil properties and site conditions identified 
by a soil survey and used in determining the ratings in 
this section were grain-size distribution, liquid limit, 
plasticity index, soil reaction, depth to bedrock, hardness 
of bedréck that is within 5 or 6 feet of the surface, soil 


-wetness, depth to a seasonal high water table, slope, 


likelihood of flooding, natural soil structure or aggrega- 
tion, in-place soil density, and geologie origin of the soil 
material. Where pertinent, data about kinds of clay 
minerals, mineralogy of the sand and silt fractions, and 
the kind of absorbed cations were also considered. 

On the basis of information assembled about soil pro- 
perties, ranges of values can be estimated for erodibility, 
permeability, corrosivity, shrink-swell potential, available 
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water capacity, shear strength, compressibility, slope sta- 
bility, and other factors of expected soil behavior in en- 
gineering uses. As appropriate, these values can be ap- 
plied to each major horizon of each soil or to the entire 
profile. 

These factors of soil behavior affect construction and 
maintenance of roads, airport runways, pipelines, founda- 
tions for small buildings, ponds and small dams, irrigation 
projects, drainage systems, sewage and refuse disposal 
systems, and other engineering works. The ranges of 
values can be used to: (1) select potential residential, com- 
mercial, industrial, and recreational uses; (2) make 
preliminary estimates pertinent to construction in a par- 
ticular area; (3) evaluate alternative routes for roads, 
streets, highways, pipelines, and underground cables; (4) 
evaluate alternative sites for location of sanitary landfills, 
onsite sewage disposal systems, and other waste disposal 
facilities; (5) plan detailed onsite investigations of soils 
and geology; (6) find sources of gravel, sand, clay, and 
topsoil; (7) plan farm drainage systems, irrigation 
systems, ponds, terraces, and other structures for soil and 
water conservation; (8) relate performance of structures 
already built to the properties of the kinds of soil on 
which they are built so that performance of similar struc- 
tures on the same or a similar soil in other locations can 
be predicted; and (9) predict the trafficability of soils for 
cross-country movement of vehicles and construction 
equipment. 

Data presevited in this section are useful for land-use 
planning and for choosing alternative practices or 
general designs that will overcome unfavorable soil pro- 
perties and minimize soil-related failures. Limitations to 
the use of these data, however, should be well understood. 
First, the data are generally not presented for soil 
material below a depth of 5 or 6 feet. Also, because of the 
scale of the detailed map in this soil survey, small areas 
of soils that differ from the dominant soil may be in- 
cluded in mapping. Thus, these data do not eliminate the 
need for onsite investigations, testing, and analysis by 
personnel having expertise in the specific use contem- 
plated. 

The information is presented mainly in tables. Table 8 
shows, for each kind of soil, the degree and kind of limita- 
tions for building site development; table 10, for sanitary 
facilities; and table 11, for water management. Table 9 
shows the suitability of each kind of soil as a source of 
construction materials. 

The information in the tables, along with the soi] map, 
the soil descriptions, and other data provided in this sur- 
vey, can be used to make additional interpretations and to 
construct interpretive maps for specific uses of land. 

Some of the terms used in this soil survey have a spe- 
cial meaning in soil science. Many of these terms are 
defined in the Glossary. 


Building site development 


The degree and kind of soil limitations that affect shal- 
low excavations, dwellings with and without basements, 
small commercial buildings, and local roads and streets 
are indicated in table 8. A slight limitation indicates that 
soil properties are favorable for the specified use; any 
limitation is minor and easily overcome. A moderate 
limitation indicates that soil properties and site features 
are unfavorable for the specified use, but the limitations 
can be overcome or minimized by special planning and 
design. A severe limitation indicates one or more soil pro- 
perties or site features so unfavorable or difficult to over- 
come that a major increase in construction effort, special 
design, or intensive maintenance is required. For some 
soils rated severe, such costly measures may not be feasi- 
ble. 

Shallow excavations are used for pipelines, sewerlines, 
telephone and power transmission lines, basements, and 
open ditches. Such digging or trenching is influenced by 
the soil wetness of a high seasonal water table; the tex- 
ture and consistence of soils; the tendency of soils to cave 
in or slough; and the presence of very firm, dense soil 
layers, bedrock, or large stones. In addition, excavations 
are affected by slope of the soil and the probability of 
flooding. Ratings do not apply to soil horizons below a 
depth of 6 feet unless otherwise noted. 

In the soil series descriptions, the consistence of each 
soil horizon is defined, and the presence of very firm or 
extremely firm horizons, usually difficult to excavate, is 
indicated. 

Dwellings and small commercial buildings referred to 
in table 8 are built on undisturbed soil and have founda- 
tion loads of a dwelling no more than three stories high. 
Separate ratings are made for small commercial buildings 
without basements and for dwellings with and without 
basements. For such structures, soils should be suffi- 
ciently stable that cracking or subsidence from settling or 
shear failure of the foundation does not occur. These 
ratings were determined from estimates of the shear 
strength, compressibility, and shrink-swell potential of the 
soil. Soil texture, plasticity and in-place density, potential 
frost action, soil wetness, and depth to a seasonal high 
water table were also considered. Soil wetness and depth 
to a seasonal high water table indicate potential difficulty 
in providing adequate drainage for basements, lawns, and 
gardens. Depth to bedrock, slope, and large stones in or 
on the soil are also important considerations in the choice 
of sites for these structures and were considered in 
determining the ratings. Susceptibility to flooding is a 
serious limitation. 

Local roads and streets referred to in table 8 have an 
all-weather surface that can carry light to medium traffic 
all year. They consist of a subgrade of the underlying soil 
material; a base of gravel, crushed rock fragments, or soil 
material stabilized with lime or cement; and a flexible or 
rigid surface, commonly asphalt or concrete. The roads 
are graded with soil material at hand, and most cuts and 
fills are less than 6 feet deep. 
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The load supporting capacity and the stability of the 
soil as well as the quantity and workability of fill material 
available are important in design and construction of 
roads and streets. The AASHTO (1) and Unified (2) clas- 
sifications of the soil and the soil texture, density, shrink- 
swell potential, and potential frost action are indicators of 
the traffic supporting capacity used in making the 
ratings. Soil wetness, flooding, slope, depth to hard rock 
or very compact layers, and content of large stones affect 
stability and ease of excavation. 


Construction materials 


The suitability of each soil as a source of roadfill, sand, 
gravel, and topsoil is indicated in table 9 by ratings of 
good, fair, or poor. The texture, thickness, and organic- 
matter content of each soil horizon are important factors 
in rating soils for use as construction materials. Each soil 
is evaluated to the depth observed, generally about 6 feet. 

Roadfill is soil material used in embankments for 
roads. Because soil survey interpretations are oriented to 
loeal roads and streets rather than highways, the ratings 
given in table 9 are evaluations of the soils as sources of 
roadfill for low embankments, which are generally less 
than 6 feet high and are less exacting in design than high 
embankments. The upper part of the roadfill is the sub- 
grade, or foundation, for the road. The ratings reflect the 
ease of excavating and working the material and the ex- 
pected performance of the material after it has been com- 
pacted and adequately drained. The performance of soil 
after it is stabilized with lime or cement is not considered 
in the ratings, but information about soil properties that 
determine such performance is given in the descriptions 
of soil series. 

The ratings apply to the soil material between the A 
horizon and a depth of 5 to 6 feet. It is assumed that soil 
horizons will be mixed during excavation and spreading. 
Many soils have horizons of contrasting suitability within 
their profile. The estimated engineering properties in 
table 14 provide specific information about the nature of 
each horizon. This information can help determine the 
suitability of each horizon for roadfill. 

According to the Unified soil classification system (2), 
soils rated good are coarse grained. They have low shrink- 
swell potential, low potential frost action, and few cobbles 
and stones. They are at least moderately well drained and 
have slopes of 15 percent or less. Soils rated fair have a 
plasticity index of less than 15 and have other limiting 
features, such as moderate  shrink-swell potential, 
moderate potential frost action, moderately steep slopes, 
wetness, or many stones. If the thickness of suitable 
material is less than 3 feet, the entire soil is rated poor. 

Sand and gravel are used in great quantities in many 
kinds of construction. The ratings in table 9 provide 
guidance as to where to look for probable sources and are 
based on the probability that soils in a given area contain 
sizable quantities of sand or gravel. A soil rated good or 
fair has a layer of suitable material at least 3 feet thick, 


the top of which is within a depth of 6 feet. Coarse frag- 
ments of soft bedrock material, such as shale and silt- 
stone, are not considered to be sand and gravel. Fine- 
grained soils are not suitable sources of sand and gravel. 

The ratings do not take into account depth to the water 
table or other factors that affect excavation of the 
material. Descriptions of grain size, kinds of minerals, 
reaction, and stratification are given in the soil series 
descriptions and in table 14. 

Topsoil is used in areas where vegetation is to be 
established and maintained. Suitability is affected mainly 
by the ease of working and spreading the soil material in 
preparing a seedbed and by the ability of the soil material 
to support plantlife. Also considered is the damage that 
can result at the area from which the topsoil is taken. 

The ease of excavation is influenced by the thickness of 
suitable material, wetness, slopes, and amount of stones. 
The ability of the soil to support plantlife is determined 
by texture, structure, and the amount of soluble salts or 
toxic substances. Organic matter in the Al or Ap horizon 
greatly increases the absorption and retention of moisture 
and nutrients. Therefore, the soil material from these. 
horizons should be carefully preserved for later use. 

Soils rated good have at least 16 inches of friable loamy 
material at their surface. They are free of stones and cob- 
bles, are low in content of gravel, and have gentle slopes. 
They are low in soluble salts that can limit or prevent 
plant growth. They are naturally fertile or respond well 
to fertilizer. They are not so wet that excavation is dif- 
ficult during most of the year. 

Soils rated fair are loose sandy soils or firm loamy or 
clayey soils in which the suitable material is only 8 to 16 
inches thick or soils that have appreciable amounts of 
gravel, stones, or soluble salt. 

Soils rated poor are very sandy soils and very firm 
clayey soils; soils with suitable layers less than 8 inches 
thick; soils having large amounts of gravel, stones, or 
soluble salt; steep soils; and poorly drained soils. 

Although a rating of good is not based entirely on high 
content of organic matter, a surface horizon is generally 
preferred for topsoil because of its organic-matter con- 
tent. This horizon is designated as Al or Ap in the soil se- 
ries descriptions. The absorption and retention of 
moisture and nutrients for plant growth are greatly in- 
creased by organic matter. 


Sanitary facilities 


Favorable soil properties and site features are needed 
for proper functioning of septic tank absorption fields, 
sewage lagoons, and sanitary landfills (8), The nature of 
the soil is important in selecting sites for these facilities 
and in identifying limiting soil properties and site fea- 
tures to be considered in design and installation. Also, 
those soil properties that affect ease of excavation or in- 
stallation of these facilities will be of interest to contrac- 
tors and local officials. Table 10 shows the degree and 
kind of limitations of each soil for such uses and for use 
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of the soil as daily cover for landfills. It is important to 
observe local ordinances and regulations. 

If the degree of soil limitation is expressed as slight, 
soils are generally favorable for the specified use and 
limitations are minor and easily overcome; if moderate, 
soil properties or site features are unfavorable for the 
specified use, but limitations can be overcome by special 
planning and design; and if severe, soil properties or site 
features are so unfavorable or difficult to overcome that 
major soil reclamation, special designs, or intensive main- 
tenance is required. 

Septic tank absorption fields are subsurface systems of 
tile or perforated pipe that distribute effluent from.a sep- 
tic tank into the natural soil. Only the soil horizons 
between depths of 18 and 72 inches are evaluated for this 
use. The soil properties and site features considered are 
those that affect the absorption of the effluent and those 
that affect the construction of the system. 

Properties and features that affect absorption of the 
effluent are permeability, depth to seasonal high water 
table, depth to bedrock, and susceptibility to flooding. 
Stones, boulders, and shallowness to bedrock interfere 
with installation. Excessive slope may cause lateral 
seepage and surfacing of the effluent. Also, soil erosion 
and soil slippage are hazards if absorption fields are in- 
stalled on sloping soils. 

In some soils, loose sand and gravel or fractured 
bedrock is less than 4 feet below the tile lines. In these 
soils the absorption field does not adequately filter the ef- 
fluent; and ground water in the area may be con- 
taminated. 

Percolation tests are performed to determine the ab- 
sorptive capacity of the soil and its suitability for septic 
tank absorption fields. These tests should be performed 
during the season when the water table is highest and the 
soil is at minimum absorptive capacity. 

On many of the soils that have moderate or severe 
limitations for use as septic tank absorption fields, a 
system to lower the seasonal water table could be in- 
stalled or the size of the absorption field could be in- 
creased so that performance is satisfactory. 

Sewage lagoons are shallow ponds constructed to hold 
sewage while aerobic bacteria decompose the solid and 
liquid wastes. Lagoons have a nearly level floor and cut 
slopes or embankments of compacted soil material. Aero- 
bic lagoons generally are designed to hold sewage within 
a depth of 2 to 5 feet. Nearly impervious soil material for 
the lagoon floor and sides is required to minimize seepage 
and contamination of ground water. Soils that are very 
high in organic matter and those that have cobbles, 
stones, or boulders are not suitable. Unless the soil has 
very slow permeability, contamination of ground water is 
a hazard where the seasonal high water table is above the 
level of the lagoon floor. In soils where the water table is 
seasonally high, seepage of ground water into the lagoon 
can seriously reduce the lagoon’s capacity for liquid 
waste. Slope, depth to bedrock, and susceptibility to flood- 
ing also affect the suitability of sites for sewage lagoons 


or the cost of construction: Shear strength and permea- 
bility of compacted soils affect the performance of em- 
bankments. 

Sanitary landfill is a method of disposing of solid 
waste by placing refuse in successive layers. either in ex- 
cavated trenches or on the surface of the soil. The waste 
is spread, compacted, and covered daily with thin layers 
of soil. Landfill areas are subject to heavy vehicular traf- 
fic. Risk of polluting ground water and trafficability af- 
fect the suitability of a soil for this use. The best soils 
have a loamy or silty texture, have moderate to slow 
permeability, are deep to a seasonal water table, and are 
not subject to flooding. Clayey soils are likely to be sticky 
and difficult to spread. Sandy or gravelly soils generally 
have rapid permeability, which might allow noxious 
liquids to contaminate ground water. Soil wetness may be 
a limitation because operating heavy equipment on a wet 
soil is difficult. Seepage into the refuse increases the risk 
of pollution of ground water. 

In the trench type of landfill, ease of excavation also 
affects the suitability of a soil for this purpose, so the soil 
must be deep to bedrock and free of large stones and 
boulders. Where the seasonal water table is high, water 
seeps into trenches and causes problems in filling. 

Unless otherwise stated, the limitations in table 10 
apply only to the soil material within a depth of about 6 
feet. If the trench is deeper, a limitation of slight or 
moderate may not be valid. Site investigation is needed 
before a site is selected. 

Daily cover for landfill should- be soil that is easy to 
excavate and spread over the compacted fill in wet and 
dry weather. Soils that are loamy or silty and free of 
stones or, boulders are better than other soils. Clayey 
soils may be sticky and difficult to spread; sandy soils 
may be subject to soil blowing. 

The soils selected for final cover of landfills should be 
suitable for growing plants. Of all the horizons, the A 
horizon in most soils has the best workability, more or- 
ganic matter, and the best potential for growing plants. 
Thus, for either the area- or trench-type landfill, stockpil- 
ing material from the A horizon for use as the surface 
layer of the final cover is desirable. 

Where it is necessary to bring in soil material for daily 
or final cover, thickness of suitable soil material available 
and depth to a seasonal high water table in soils sur- 
rounding the sites should be evaluated. Other factors to 
be evaluated are those that affect reclamation of the bor- 
row areas. These factors include slope, erodibility, and 
potential for plant growth. 


Water management 


Many soil properties and site features that affect water 
management practices have been identified in this soil 
survey. In table 11 soil and site features that affect use 
are indicated for each kind of soil. This information is sig- 
nificant in planning, installing, and maintaining water con- 
trol structures. 
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Pond reservoir areas hold water behind a dam or em- 
bankment. Soils best suited to this use have a low 
seepage potential, which is détermined by permeability 
and the depth to fractured or permeable bedrock or other 
permeable material. 

Embankments, dikes, and levees require soil material 
that is resistant to seepage, erosion, and piping and has 
favorable stability, shrink-swell potential, shear strength, 
and compaction characteristics. Large stones and organic 
matter in a soil downgrade the suitability of a soil for use 
in embankments, dikes, and levees. 

Drainage of soil is affected by such soil properties as 
permeability, texture, depth to bedrock, hardpan, or other 
layers that affect the rate of water movement, depth to 
the water table, slope, stability of ditchbanks, susceptibili- 
ty to flooding, salinity and alkalinity, and availability of 
outlets for drainage. 

Irrigation is affected by such features as slope, suscep- 
tibility to flooding, hazards of water erosion and soil 
blowing, texture, presence of salts and alkali, depth of 
root zone, rate of water intake at the surface, permeabili- 
ty of the soil below the surface layer, available water 
capacity, need for drainage, and depth to the water table. 

Terraces and diversions are embankments or.a com- 
bination of channels and ridges constructed across a slope 
to intercept runoff. They allow water to soak into the soil 
or flow slowly to an outlet. Features that affect suitabilt- 
ty of a soil for terraces are uniformity and steepness of 
slope; depth to bedrock, hardpan, or other unfavorable 
material; large stones; permeability; ease of establishing 
vegetation; and resistance to water erosion, soil blowing, 
soil slipping, and piping. 

Grassed waterways are constructed to channel runoff to 
outlets at a nonerosive velocity. Features that affect the 
use of soils for waterways are slope, permeability, erodi- 
bility, wetness, and suitability for permanent vegetation. 


Recreation 


The soils of the survey area are rated in table 12 ac- 
cording to limitations that affect their suitability for 
recreation uses. The ratings are based on such restrictive 
soil features as flooding, wetness, slope, and texture of 
the surface layer. Not considered in these ratings, but im- 
portant in evaluating a site, are location and accessibility 
of the area, sizé and shape of the area and its scenic 
‘quality, the ability of the soil to support vegetation, ac- 
cess to water, potential water impoundment sites availa- 
ble, and either access to public sewerlines or capacity of 
the soil to absorb septic tank effluent. Soils subject to 
flooding are limited, in varying degree, for recreation use 
by the duration and intensity of flooding and the season 
when flooding occurs. Onsite assessment of height, dura- 
tion, intensity, and frequency of flooding is essential in 
planning recreation facilities. 

The degree of the limitation of the soils is expressed as 
slight, moderate, or severe. Slight means that the soil pro- 
perties are generally favorable and that the limitations 


are minor and easily overcome. Moderate means that the 
limitations can be overcome or alleviated by planning, 
design, or special maintenance. Severe means that soil 
properties are unfavorable and that limitations can be off- 
set only by costly soil reclamation, special design, inten- 
sive maintenance, limited use, or by a combination of 
these measures. 

The information in table 12 can be supplemented by in- 
formation in other parts of this survey. Especially helpful 
are interpretations for septic tank absorption fields, given 
in table 10, and interpretations for dwellings without 
basements and for local roads and streets, given in table 
8. 

Camp areas require such site preparation as shaping 
and leveling for tent and parking areas, stabilizing roads 
and intensively used areas, and installing sanitary facili- 
ties and utility. lines. Camp areas are subject to heavy 
foot traffic and some vehicular traffic. The best soils for 
this use have mild slopes and are not wet or subject to 
flooding during the period of use. The surface has few or 
no stones or boulders, absorbs rainfall readily but remains 
firm, and is not dusty when dry. Strong slopes and stones 
or boulders can greatly increase the cost of constructing 
camping sites. 

Picnic areas are subject to heavy foot traffic. Most 
vehicular traffic is confined to access roads and parking 
areas. The best soils for use as picnic areas are firm when 
wet, are not dusty when dry, are not subject to flooding 
during the period of use, and do not have slopes or stones 
or boulders that will increase the cost of shaping sites or 
of building access roads and parking areas. 

Playgrounds require soils that can withstand intensive 
foot traffic. The best soils are almost level and are not 
wet or subject to flooding during the season of use. The 
surface is free of stones or boulders, is firm after rains, 
and is not dusty when dry. If shaping is required to ob- 
tain a uniform grade, the depth of the soil over bedrock 
or hardpan should be enough to allow necessary grading. 

Paths and trails for walking, horseback riding, 
bicycling, and other uses should require little or no 
cutting and filling. The best soils for this use are those 
that are not wet, are firm after rains, are not dusty when 
dry, and are not subject to flooding more than once dur- 
ing the annual period of use. They should have moderate 
slopes and have few or no stones or boulders on the sur- 
face. 


Wildlife habitat 


RoBerT J. HIGGINS, biologist, Soil Conservation Service, helped 
prepare this section. 

Soils directly affect the kind and amount of vegetation 
that is available to wildlife as food and cover, and they af- 
fect the construction of water impoundments. The kind 
and abundance of wildlife that populate an area depend 
largely on the amount and distribution of food, cover, and 
water. If any one of these elements is missing, in- 
adequate, or inaccessible, wildlife either are scarce or do 
not inhabit the area. 


ALLEN COUNTY, KANSAS 31 


If the soils have the potential, wildlife habitat can be 
created or improved by planting appropriate vegetation, 
by maintaining the existing plant cover, or by helping the 
natural establishment of desirable plants. 

In table 13, the soils in the survey area are rated ac- 
cording to their potential to support the main kinds of 
wildlife habitat in the area. This information can be used 
in planning for parks, wildlife refuges, nature study areas, 
and other developments for wildlife; selecting areas that 
are suitable for wildlife; selecting soils that are suitable 
for creating, improving, or maintaining specific elements 
of wildlife habitat; and determining the intensity of 
management needed for each element of the habitat. 

The potential of the soil is rated good, fair, poor, or 
very poor. A rating of good means that the element of 
wildlife habitat or the kind of habitat is easily created, 
improved, or maintained. Few or no limitations affect 
management, and satisfactory results can be expected if 
the soil is tised for the designated purpose. A rating of 
fair means that the element of wildlife habitat or kind of 
habitat can be created, improved, or maintained in most 
places. Moderately intensive management is required for 
satisfactory results. A rating of poor means that limita- 
tions are severe for the designated element or kind of 
wildlife habitat. Habitat can be created, improved, or 
maintained in most places, but management is difficult 
and must be intensive. A rating of very poor means that 
restrictions for the element of wildlife habitat or kind of 
wildlife are very severe, and that unsatisfactory results 
can be expected. Wildlife habitat is impractical or even 
impossible to create, improve, or maintain on soils having 
such a rating. 

The elements of wildlife habitat are briefly described in 
the following paragraphs. 

Grain and seed crops are seed-producing annuals used 
by wildlife. Examples are corn, wheat, oats, and barley. 
The major soil properties that affect the growth of grain 
and seed crops are depth of the root zone, texture of the 
surface layer, available water capacity, wetness, slope, 
surface stoniness, and flood hazard. Soil temperature and 
soil moisture are also considerations. 

Grasses and legumes are domestic perennial grasses 
and herbaceous legumes that are planted for wildlife food 
and cover. Examples are fescue, bromegrass, clover, and 
alfalfa. Major soil properties that affect the growth of 
grasses and legumes are depth of the root zone, texture 
of the surface layer, available water capacity, wetness, 
surface stoniness, flood hazard, and slope. Soil tempera- 
ture and soil moisture are also considerations. 

Wild herbaceous planis are native or naturally 
established grasses and forbs, including weeds, that pro- 
vide food and cover for wildlife. Examples are bluestem, 
switchgrass, goldenrod, ragweed, croton, wheatgrass, and 
grama. Major soil properties that affect the growth of 
these plants are depth of the root zone, texture of the 
surface layer, available water capacity, wetness, surface 
stoniness, and flood hazard. Soil temperature and soil 
moisture are also considerations. 


Hardwood trees and the associated woody understory 
provide cover for wildlife and produce nuts, seeds, fruit, 
buds, catkins, twigs, bark, or foliage that wildlife eat. Ex- 
amples of native plants are oak, black walnut, pecan, 
osageorange, poplar, hackberry, hawthorn, dogwood, wil- 
low, hickory, and cottonwood. Examples of fruit-produc- 
ing shrubs that are commercially available and suitable 
for planting on soils rated good are Russian-olive, au- 
tumn-olive, cotoneaster, Nanking cherry, honeysuckle, 
multiflora rose, and crabapple. Major soil properties that 
affect growth of hardwood trees and shrubs are depth of 
the root zone, available water capacity, and wetness. 

Coniferous plants are cone-bearing trees, shrubs, or 
ground cover plants that furnish habitat or supply food in 
the form of browse, seeds, or fruitlike cones. Examples 
are pine, arborvitae, spruce, redcedar, yew, and juniper. 
Soil properties that have a major effect on the growth of 
coniferous plants are depth of the root zone, available 
water capacity, and wetness. 

Shrubs are bushy woody plants that produce fruit, 
seeds, buds, twigs, bark, or foliage used by wildlife for 
food or that provide cover and shade for some species of 
wildlife. Examples are plum, sumac, blackberry, gooseber- 
ry, buckrush, buttonbush, and indigobush. Major soil pro- 
perties that affect the growth of shrubs are depth of the 
root zone, available water capacity, salinity, and moisture. 

Wetland plants are annual and perennial wild her- 
baceous plants that grow on moist or wet sites, exclusive 
of submerged or floating aquatics. They produce food or 
cover for wildlife that use wetland as habitat. Examples 
of wetland plants are smartweed, wild millet, wildrice, 
cordgrass, and cattail and rushes and sedges. Major soil 
properties affecting wetland plants are texture of the 
surface layer, wetness, reaction, salinity, slope, and sur- 
face stoniness. 

Shallow water areas are bodies of water that have an 
average depth of less than 5 feet and that are useful to 
wildlife. They can be naturally wet areas, or they can be 
created by dams or levees or by water-control devices in 
marshes or streams. Examples are marshes, waterfowl 
feeding areas, and ponds. Major soil properties affecting 
shallow water areas are depth to bedrock, wetness, sur- 
face stoniness, slope, and permeability. The availability of 
a dependable water supply is important if water areas are 
to be developed. 

The kinds of wildlife habitat are briefly described in 
the following paragraphs. 

Openland habitat consists of cropland, pasture, 
meadows, and areas that are overgrown with grasses, 
forbs, legumes, shrubs, and vines. These areas produce 
grain and seed crops, grasses and legumes, and wild her- 
baceous plants. The kinds of wildlife attracted to these 
areas include bobwhite quail, mourning dove, meadowlark, 
field sparrow, cottontail rabbit, ground hog, and red fox. 

Woodland habitat consists of areas of hardwoods and 
redcedar and associated grasses, legumes, and wild her- 
baceous plants. Wildlife attracted to these areas include 
wild turkey, thrushes, woodpeckers, squirrels, grey fox, 
raccoon, ground hog, deer, and opossum. 
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Wetland habitat consists of open, marshy or swampy, 
shallow-water areas where water-tolerant plants grow. 
Some of the wildlife attracted to such areas are ducks, 
geese, herons, shore birds, muskrat, mink, and beaver. 

Rangeland habitat consists of areas of wild herbaceous 
plants and shrubs. Wildlife attracted to rangeland include 
jackrabbit, prairie chicken, deer, bobwhite quail, dickcis- 
sel, and meadowlark. 


Soil properties 


Extensive data about soil properties are summarized on 
the following pages. The two main sources of these data 
are the many thousands of soil borings made during the 
course of the survey and the laboratory analyses of 
selected soil samples from typical profiles. 

In making soil borings during field mapping, soil 
scientists can identify several important soil properties. 
They note the seasonal soil moisture condition or the 
presence of free water and its depth. For each horizon in 
the profile, they note the thickness and color of the soil 
material; the texture, or amount of clay, silt, sand, and 
gravel or other coarse fragments; the structure, or the 
natural pattern of cracks and pores in the undisturbed 
soil; and the consistence of the soil material in place 
under the existing soil moisture conditions. They record 
the depth of plant roots, determine the pH or reaction of 
the soil, and identify any free carbonates. 

Samples of soil material are analyzed in the laboratory 
to verify the field estimates of soil properties and to 
determine all major properties of key soils, especially pro- 
perties that cannot be estimated accurately by field ob- 
servation. Laboratory analyses are not conducted for all 
soil series in the survey area, but laboratory data for 
many soil series not tested are available from nearby sur- 
vey areas. 

The available field and laboratory data are summarized 
in tables. The tables give the estimated range of en- 
gineering properties, the engineering classification, and 
the physical and chemical properties of each major 
horizon of each soil in the survey area. They also present 
pertinent soil and water features, engineering test data, 
and data obtained from physical and chemical laboratory 
analyses of soils. 


Engineering properties 


Table 14 gives estimates of engineering properties and 
classifications for the major horizons of each soil in the 
survey area. These estimates are presented as ranges in 
values most likely to exist in areas where the soil is 
mapped. 

Most soils have, within the upper 5 or 6 feet, horizons 
of contrasting properties. Table 14 gives information for 
each of these contrasting horizons in a typical profile. 
Depth to the upper and lower boundaries of each horizon 
is indicated. More information about the range in depth 


and about other properties in each horizon is given for 
each soil series in the section “Soil series and morpholo- 

Texture is described in table 14 in the standard terms 
used by the U.S. Department of Agriculture (10). These 
terms .are defined according to percentages of sand, silt, 
and clay in soil material that is less than 2 millimeters in 
diameter. “Loam,” for example, is soil material that is 7 to 
27 percent clay, 28 to 50 percent silt, and less than 52 per- 
cent sand. If a soil contains gravel or other particles 
coarser than sand, an appropriate modifier is added, for 
example, “gravelly loam.” Other texture terms are 
defined in the Glossary. 

The two systems commonly used in classifying soils for 
engineering use are the Unified Soil Classification System 
(Unified) (2) and the system adopted by the American 
Association of State Highway and Transportation Offi- 
cials (AASHTO) (2). 

The Unified system classifies soils according to proper- 
ties that affect their use as construction material (2). Soils 
are classified according to grain-size distribution of the 
fraction less than 3 inches in diameter, plasticity index, 
liquid limit, and organic-matter content. Soils are grouped 
into 15 classes—eight classes of coarse-grained soils, 
identified as GW, GP, GM, GC, SW, SP, SM, and SC; six 
classes of fine-grained soils, identified as ML, CL, OL, 
MH, CH, and OH; and one class of highly organic soils, 
identified as Pt. Soils on the borderline between two 
classes have a dual classification symbol, for example, CL- 
ML. 

The AASHTO system classifies soils according to those 
properties that affect their use in highway construction 
and maintenance (1). In this system a mineral soil is clas- 
sified in one of seven basic groups ranging from A-1l 
through A-7 on the basis of grain-size distribution, liquid 
limit, and plasticity index. Soils in group A-1 are coarse 
grained and low in content of fines. At the other extreme, 
in group A-7, are fine-grained soils. Highly organic soils 
are classified in group A-8 on the basis of visual inspec- 
tion. 

When laboratory data are available, the A-1, A-2, and 
A-7 groups are further classified as follows: A-1-a, A-1-b, 
A-2-4, A-2-5, A-2-6, A-2-7, A-7-5, and A-7-6. As an addi- 
tional refinement, the desirability of soils. as subgrade 
material ean be indicated by a group index number. These 
numbers range from 0 for the best subgrade material to 
20 or higher for the poorest. The AASHTO classification 
for soils tested in the survey.area, with group index num- 
bers in parentheses, is given in table 17. The estimated 
classification, without group index numbers, is given in 
table 14. Also in table 14 the percentage, by weight, of 
rock fragments more than 3 inches in diameter is esti- 
mated for each major horizon. These estimates are deter- 
mined mainly by observing volume percentage in the field 
and then converting that, by formula, to weight percent- 
age. 

Percentage of the soil material less than 3 inches in 
diameter that passes each of four sieves (U.S. standard) 
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is estimated for each major horizon. The estimates are 
based on tests of soils that were sampled in the survey 
area and in nearby areas and on field estimates from 
many borings made during the survey. 

Liquid limit and plasticity index indicate the effect of 
water on the strength and consistence of soil. These in- 
dexes are used in both the Unified and AASHTO soil 
classification systems. They are also used as indicators in 
making general predictions of soil behavior. Ranges in 
liquid limit and plasticity index are estimated on the basis 
of test data from the survey area or from nearby areas 
and on observations of the many soil borings made during 
the survey. 


Physical and chemical properties 


Table 15 shows estimated values for several soil charac- 
teristics and features that affect behavior of soils in en- 
gineering uses. These estimates are given for each major 
horizon, at the depths indicated, in the typical pedon of 
each soil. The estimates are based on field observations 
and on test data for these and similar soils. 

Permeability is estimated on the basis of known rela- 
tionships among the soil characteristics observed in the 
field—particularly soil structure, porosity, and gradation 
or texture—that influence the downward movement of 
water in the soil. The estimates are for vertical water 
movement when the soil is saturated. Not considered in 
the estimates is lateral seepage or such transient soil fea- 
tures as plowpans and surface crusts. Permeability of the 
soil is an important factor to be considered in planning 
and designing drainage systems, in evaluating the poten- 
tial of soils for septic tank systems and other waste 
disposal systems, and in many other aspects of land use 
and management. 

Available water capacity is rated on the basis of soil 
characteristics that influence the ability of the soil to hold 
water and make it available to plants. Important charac- 
teristics are content of organic matter, soil texture, and 
soil structure. Shallow-rooted plants are not likely to use 
the available water from the deeper soil horizons. Availa- 
ble water capacity is an important factor in the choice of 
plants or crops to be grown and in the design of irrigation 
systems. ; 

Soil reaction is expressed as range in pH values. The 
range in pH of each major horizon is based on, many field 
checks. For many soils, the values have been verified by 
laboratory analyses. Soil reaction is important in selecting 
the crops, ornamental plants, or other plants to be grown; 
in evaluating soil amendments for fertility and stabiliza- 
tion; and in evaluating the corrosivity of soils. 

Salinity is expressed as the electrical conductivity of 
the saturation extract, in millimhos per centimeter at 25 
degrees C. Estimates are based on field and laboratory 
measurements at representative sites of the nonirrigated 
soils. The salinity of individual irrigated fields is affected 
by the quality of the irrigation water and by the frequen- 
cy of water application: Hence, the salinity of individual 


fields can differ greatly from the value given in table 15. 
Salinity affects the suitability of a soil for crop produc- 
tion, its stability when used as a construction material, 
and its potential to corrode metal and concrete. 

Shrink-swell potential depends mainly on the amount 
and kind of clay in the soil. Laboratory measurements of 
the swelling of undisturbed clods were made for many 
soils. For others the swelling was estimated on the basis 
of the kind and amount of clay in the soil and on mea- 
surements of similar soils. The size of the load and the 
magnitude of the change in soil moisture content also in- 
fluence the swelling of soils. Shrinking and swelling of 
some soils can cause damage to building foundations, 
basement walls, roads, and other structures unless special 
designs are used. A high shrink-swell potential indicates 
that special design and added expense may be required if 
the planned use of the soil will not tolerate large volume 
changes. 

Risk of corrosion pertains to potential soil-induced 
chemical action that dissolves or weakens uncoated steel 
or concrete. The rate of corrosion of uncoated steel is re- 
lated to soil moisture, particle-size distribution, total acidi- 
ty, and electrical conductivity of the soil material. The 
rate of corrosion of concrete is based mainly’ on the 
sulfate content, texture, and acidity of the soil. Protective. 
measures for steel or more resistant concrete help to 
avoid or minimize damage resulting from the corrosion. 
Uncoated steel intersecting soil boundaries or soil 
horizons is more susceptible to corrosion than an installa- 
tion that is entirely within one kind of soil or within one 
soil horizon. 

Erosion factors are used to predict the erodibility of a 
soil and its tolerance to erosion in relation to specific 
kinds of land use and treatment. The soil erodibility fac- 
tor (K) is a measure of the susceptibility of the soil to 
erosion by water. Soils having the highest K values are 
the most erodible. K values range from 0.10 to 0.64. To 
estimate annual soil loss per acre, the K value of a soil is 
modified by factors representing plant cover, grade and 
length of slope, management practices, and climate. The 
soil-loss tolerance factor (T) is the maximum rate of soil 
erosion, whether from rainfall or soil blowing, that can 
occur without reducing crop production or environmental 
quality. The rate is expressed in tons of soil loss per acre 
per year. 

Wind erodibility groups are made up of soils that have 
similar properties that affect their resistance to soil blow- 
ing if cultivated. The groups are used to predict the 
susceptibility of soil to blowing and the amount of soil 
lost as a result of blowing. Soils are grouped according to 
the following distinctions: 

1. Sands, coarse sands, fine sands, and very fine sands. 
These soils are extremely erodible, so vegetation is dif- 
ficult to establish. They are generally not suitable for 
crops. 

2. Loamy sands, loamy fine sands, and loamy very fine 
sands. These soils are very highly erodible, but crops can 
be grown if intensive measures to control soil blowing are 
used. 
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3. Sandy loams, coarse sandy loams, fine sandy loams, 
and very fine sandy loams. These soils are highly erodi- 
ble, but crops can be grown if intensive measures to con- 
trol soil blowing are used. 

4L. Caleareous loamy soils that are less than 35 percent 
clay and more than 5 percent finely divided calcium car- 
bonate. These soils are erodible, but crops can be grown if 
intensive measures to control soil blowing are used. 

4. Clays, silty clays, clay loams, and silty clay loams 
that are more than 35 percent clay. These soils are 
moderately erodible, but crops can be grown if measures 
to control soil blowing are used. 

5. Loamy soils that are less than 18 percent clay and 
less than 5 percent finely divided calcium carbonate and 
sandy clay loams and sandy clays that are less than 5 per- 
cent finely divided calcium carbonate. These soils are 
slightly erodible, but crops can be grown if measures to 
control soil blowing are used. 

6. Loamy soils that are 18 to .35 percent clay and less 
than 5 percent finely divided calcium carbonate, except 
silty clay loams. These soils are very slightly erodible, and 
crops can easily be grown. 

7. Silty clay loams that are less than 35 percent clay 
and less than 5 percent finely divided calcium carbonate. 
These soils are very slightly erodible, and crops can easily 
be grown. 

8. Stony or gravelly soils and other soils not subject to 
soil blowing. 


Soil and water features 


Table 16 contains information helpful in planning land 
uses and engineering projects that are likely to be af- 
fected by soil and water features. 

Hydrologic soil growps are used to estimate runoff 
from precipitation. Soils not protected by vegetation are 
placed in one of four groups on the basis of the intake of 
water after the soils have been wetted and have received 
precipitation from long-duration storms. 

The four hydrologic soil groups are: 

Group A. Soils having a high infiltration rate dow ru- 
noff potential) when thoroughly wet. These consist chiefly 
of deep, well drained to excessively drained sands or 
gravels. These soils have a high rate of water transmis- 
sion. 

Group B. Soils having a moderate infiltration rate when 
thoroughly wet. These consist chiefly of moderately deep 
to deep, moderately well drained to well drained soils that 
have moderately fine texture to moderately coarse tex- 
ture. These soils have a moderate rate of water transmis- 
sion. 

Group C. Soils having a slow infiltration rate when 
thoroughly wet. These consist chiefly of soils that have a 
layer that impedes the downward movement of water or 
soils that have moderately fine texture or fine texture. 
These soils have a slow rate of water transmission. 

Group D. Soils having a very slow infiltration rate (high 
runoff potential) when thoroughly wet. These consist 


chiefly of clay soils that have a high shrink-swell poten- 
tial, soils that have a permanent high water table, soils 
that have a claypan or clay layer at or near the surface, 
and soils that are shallow. over nearly impervious materi- 
al. These soils have a very slow rate of water transmis- 
sion. 

Flooding is the temporary covering of soil with water 
from overflowing streams, with runoff from adjacent 
slopes, and by tides. Water standing for short periods 
after rainfall or snowmelt and water in swamps and 
marshes is not considered flooding. Flooding is rated in 
general terms that describe the frequency and duration of 
flooding and the time of year when flooding is most like- 
ly. The ratings are based on evidence in the soil profile of 
the effects of flooding, namely thin strata of gravel, sand, 
silt, or, in places, clay deposited by floodwater; irregular 
decrease in organic-matter content with increasing depth; 
and absence of distinctive soil horizons that form in soils 
of the area that are not subject to flooding. The ratings 
are also based on local information about floodwater 
levels in the area and the extent of flooding and on infor- 
mation that relates the position of each soil on the land- 
scape to historic floods. 

The generalized description of flood hazards is of value 
in land-use planning and provides a valid basis for land- 
use restrictions. The soil data are less specific, however, 
than those provided by detailed engineering surveys that 
delineate flood-prone areas at specific flood frequency 
levels. 

High water table is the highest level of a saturated 
zone more than 6 inches thick for a continuous period of 
more than 2 weeks during most years. The depth to a 
seasonal high water table applies to undrained soils. Esti- 
mates are based mainly on the relationship between gray- 
ish colors or mottles in the soil and the depth to free 
water observed in many borings made during the course 
of the soil survey. Indicated are the depth to the seasonal 
high water table; the kind of water table, that is, perched, 
artesian, or apparent; and the months of the year that the 
water table commonly is high. Only saturated zones above 
a depth of 5 or 6 feet are indicated. 

Information about the seasonal high water table helps 
in assessing the need for specially designed foundations, 
the need for specific kinds of drainage systems, and the 
need for footing drains to insure dry basements. Such in- 
formation is also needed to decide whether or not con- 
struction of basements is feasible and to determine how 
septic tank absorption fields and other underground in- 
stallations will function. Also, a seasonal high water table 
affects ease of excavation. 

Depth to bedrock is shown for all soils that are under- 
lain by bedrock at a depth of 5 to 6 feet or less. For many 
soils, the limited depth to bedrock is a part of the defini- 
tion of the soil series. The depths shown are based on 
measurements made in many soil borings and on other 
observations during the soil mapping. The kind of bedrock 
and its hardness as related to ease of excavation are also 
shown. Rippable bedrock can be excavated with a single- 
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tooth ripping attachment on a 200-horsepower tractor, but 
hard bedrock generally requires blasting. 

Potential frost action refers to the likelihood of damage 
to pavements and other structures by frost heaving and 
low soil strength after thawing. Frost action results from 
the movement of soil moisture into the freezing tempera- 
ture zone in the soil, which causes ice lenses to form. Soil 
texture, temperature, moisture content, porosity, permea- 
bility, and content of organic matter are the most impor- 
tant soil properties that affect frost action. It is assumed 
that the soil is not: covered by insulating vegetation or 
snow and is not artificially drained. Silty and clayey soils 
that have a high water table in winter are most suscepti- 
ble to frost action. Well drained very gravelly or sandy 
soils are the least susceptible. 


Engineering test data 


The results of analyses of engineering properties of 
several typical soils of the survey area are given in table 
17. 

The data presented are for soil samples that were col- 
lected from carefully selected sites. The soil profiles sam- 
pled are typical of the series discussed in the section “Soil 
series and morphology.” The soil samples were analyzed 
by the Kansas Department of Transportation. 

The methods used in obtaining the data are listed by 
code in the next paragraph. Most of the codes, in 
parentheses, refer to the methods assigned by the Amer- 
ican Association of State Highway and Transportation Of- 
ficials. The code for Unified classification is assigned by 
the American Society for Testing and Materials. 

The methods and codes are AASHTO classification (M- 
145-66); Unified classification (D-2487-66T); mechanical 
analysis (T88-72); liquid limit (T89-68); plasticity index 
(T90-70); and moisture-density, method A (T99-74). 


Morphology and classification of the 
soils 


In this section, the soil series recognized in the survey 
area are described, the current system of classifying soils 
is defined, and the soils in the area are classified accord- 
ing to the current system. 


Soil series and morphology 


In this section, each soil series recognized in the survey 
area is described in detail. The descriptions are arranged 
in alphabetic order by series name. 

Characteristics of the soil and the material in which it 
formed are discussed for each series. The soil is then 
compared to similar soils and to nearby soils of other se- 
ries. Then a pedon, a small three-dimensional area of soil 
typical of the soil series in the survey area, is described. 
The detailed descriptions of each soil horizon follow stan- 
dards in the Soil Survey Manual (70). Unless otherwise 
noted, colors described are for moist soil. 


Following the pedon description is the range of impor- 
tant characteristics of the soil series in this survey area. 
Phases, or mapping units, of each soil series are described 
in the section “Soil maps for detailed planning.” 


Bates series 


The Bates series consists of moderately deep, well 
drained, moderately permeable soils on uplands. These 
soils formed in material weathered from thinly bedded 
sandstone and interbedded sandy and silty shale. Slopes 
range from 1 to 7 percent. 

Bates soils are similar to Collinsville and Eram soils 
and are adjacent to Collinsville, Dennis, and Eram soils on 
the landscape. Collinsville soils have a thinner solum than 
Bates soils and, unlike those soils, are shallow over sand- 
stone. Dennis and Eram soils have a more clayey B2t 
horizon than Bates soils, and Dennis soils have a thicker 
solum. 

Typical pedon of Bates loam, 1 to 4 percent slopes, 
1,940 feet east and 500 feet north of the southwest corner 
of sec. 16, T. 24S. R. 21 E. 


Al—0 to 10 inches; very dark brown (10YR 2/2) loam, very dark grayish 
brown (LOYR 3/2) dry; moderate medium granular structure; 
slightly hard, friable; many roots; slightly acid; gradual smooth 
boundary. j 

B1—10 to 15 inches; very dark grayish brown (LOYR 3/2) heavy loam, 
dark grayish brown (LOYR 4/2) dry; moderate medium granular 
structure; slightly hard, friable; common roots; medium acid; 
gradual smooth boundary: 

B2t—15 to 23 inches; dark brown (7.5YR 3/2) clay loam, dark brown 
(1OYR 4/3) dry; few fine distinct mottles of yellowish brown (10YR 
5/6); moderate medium and fine subangular blocky structure; hard, 
firm; common roots; thin clay films on surfaces of peds; few small 
fragments of soft sandstone, about 15 percent of soil mass; strongly 
acid; gradual smooth boundary. 

B3—23 to 32 inches; dark brown (7.5YR 4/4) light clay loam, brown 
(7.5YR 5/4) dry; common medium distinct yellowish. brown (10YR 
5/6) mottles; weak medium subangular blocky structure; hard, fria- 
ble; few fine roots; many small black concretions; many sandstone 
and shale fragments, about 20 percent of soil mass; strongly acid; 
clear wavy boundary. 

R—82 inches; soft sandstone interbedded with sandy and silty shale. 


The solum ranges from 20 to 40 inches in thickness. The mollic 
epipedon ranges from 8 to 24 inches in thickness. The A horizon has hue 
of 10YR, value of 2 or 3 (8 to 5 dry), and chroma of 2 or 3. It is domi- 
nantly loam, but is silt loam and fine sandy loam in places. It is medium 
acid to neutral. The B2t horizon has hue of 10YR or 7.5YR, value of 3 to 
5, and chroma of 3 to 5. It is clay loam or loam and averages between 18 
and 35 percent clay. Reaction is strongly acid to slightly acid throughout 
the profile. Scattered sandstone fragments are throughout some pedons. 


Catoosa series 


The Catoosa series consists of moderately deep, well 
drained, moderately permeable soils on uplands. These 
soils formed in material weathered from limestone. Slopes 
range from 0 to 8 percent. 

Catoosa soils are similar to Nowata soils and are ad- 
jacent to Dennis and Kenoma soils on the landscape. Un- 
like Catoosa soils, Nowata soils contain a large amount of 
chert throughout the solum. Dennis and Kenoma soils 
have a more clayey B2t horizon and a thicker solum than 
Catoosa soils. 
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Typical pedon of Catoosa silt loam, 0 to 2 percent 
slopes, 2,400 feet west and 300 feet south of the northeast 
corner of sec. 14, T. 248., R. 20 E. 


A1—0 to 11 inches; dark reddish brown (5YR 3/8) silt loam, dark red- 
dish gray (5YR 4/2) dry; moderate medium and fine granular struc- 
ture; slightly hard, friable; common fine and medium roots; slightly 
acid; gradual smooth boundary. 

B1—11 to 16 inches; dark reddish brown (5YR 3/8) silty clay loam, red- 
dish brown (5YR 4/3) dry; moderate medium and fine granular 
structure; hard, friable; common fine and medium roots; medium 
acid; gradual smooth boundary. 

B2t—16 to 27 inches; dark reddish brown (5YR 3/4) silty clay loam, red- 
dish brown (5YR 4/4) dry; moderate medium and fine subangular 
blocky structure; very hard, firm; common medium roots; few small 
black pellets; strongly acid; abrupt wavy boundary. 

‘R—27 inches; limestone. ~ 


The solum ranges from 20 to 40 inches in thickness. The mollic 
epipedon ranges from 8 to 20 inches in thickness. The A horizon has hue 
of 10YR, 7.5YR, or 5YR; value of 2 or 3 (3 to 5 dry); and chroma of 2 or 
3. It is strongly acid to neutral. The B2t horizon has hue of 5YR or 
2.5YR, value of 3 or 4 (3 or 4 dry), and chroma of 3 or 4. It averages 
between 27 and 35 percent clay. Reaction is strongly acid to neutral 
throughout the profile. Limestone or chert fragments occur throughout 
some pedons. 


Collinsville series 


The Collinsville series consists of shaliow, well drained 
soils on uplands. These soils formed in material 
weathered from sandstone. Permeability is moderately 
rapid. Slopes range from 2 to 15 percent. 

Collinsville soils are similar to Bates and Talihina soils 
and are adjacent to Bates and Dennis soils on the land- 
scape. Unlike Collinsville soils, Bates and Dennis soils are 
more than 20 inches thick and have an argillic horizon and 
Talihina soils are fine textured and are shallow over 
clayey shale. 

Typical pedon of Collinsville fine sandy loam, in an area 
of Collinsville-Bates complex, 2 to 15 percent slopes, 400 
feet north and 200 feet west of the southeast corner of 
sec. 3, T. 248. R. 21 E. 


A1—0 to 7 inches; very dark grayish brown (10YR 3/2) fine sandy loam, 
dark grayish brown (10YR 4/2) dry; moderate medium and fine 
granular structure; slightly hard, friable; many fine roots; strongly 
acid; gradual wavy boundary. 

C—7 to 15 inches; dark brown (7.5YR 3/8) fine sandy loam, brown 
(7.5YR 5/2) dry; massive; slightly hard, friable; many fine roots; 20 
percent of soi] mass is sandstone fragments 1/4 inch to 3 inches in 
size; strongly acid; gradual wavy boundary. 

R15 inches; sandstone. 


The solum ranges from 4 to 20 inches in thickness. The mollic 
epipedon is 7 to 10 inches thick. The A horizon has hue of 10YR, value 
of 2 or 3 (3 to 5 dry); and chroma of 2 or 3. It is fine sandy loam or 
loam. Reaction is slightly acid to strongly acid throughout the profile. 
The C horizon has hue of 7.5YR or 10YR, value of 3 or 4, and chroma of 
3 or 4. In places fragments of sandstone are on the surface or are scat- 
tered throughout the solum. 


Dennis series 


The Dennis series consists of deep, moderately well 
drained, slowly permeable soils on uplands. These soils 
formed in material weathered from shale. Slopes range 
from 1 to 7 percent. 


Dennis soils are similar to Bates, Catoosa, and Kenoma 
soils and are adjacent to Bates, Collinsville, and Kenoma 
soils on the landscape. Bates and Collinsville soils have a 
thinner solum than Dennis soils and, unlike those soils, 
are less than 35 percent clay in the control section. Unlike 
Dennis soils, Catoosa soils have a solum that is less than 
40 inches thick and Kenoma soils lack a B1 horizon. 

Typical pedon of Dennis silt loam, 1 to 3 percent slopes, 
2,000 feet east and 1,500 feet south of the northwest 
corner of sec. 23, T. 26 S., R. 17 E. 


A1—0 to 10 inches; very dark brown (1OYR 2/2) silt loam, dark grayish 
brown (10YR 4/2) dry; moderate medium and fine granular struc- 
ture; slightly hard, friable; many roots; gray silt grains on ped sur- 
faces in lower 3 inches; medium acid; gradual smooth boundary. 

B1—10 ‘to 19 inches; dark brown (10YR 3/8) silty clay loam, brown 
(LOYR 5/3) dry; common fine faint mottles of yellowish brown 
(LOYR 5/6) and distinct mottles, reddish brown (5YR 4/4) moist; 
moderate medium and fine subangular blocky structure; slightly 
hard, friable; many roots; few worm casts; scattered small chert 
pebbles; upper 2 inches has gray silt grains on ped surfaces; 
strongly acid; clear smooth boundary. 

B21t—19 to 26 inches; dark brown (LOYR 4/8) silty clay, brown (10YR 
5/3) dry; common fine and medium distinct mottles, yellowish red 
(5YR 4/6) moist; moderate medium and fine blocky structure; very 
hard, firm; many fine roots; clay films on surfaces of most peds; 
few black stains and masses; scattered small chert pebbles; slightly 
acid; gradual smooth boundary. 

B22t—26 to 38 inches; brown (10YR 5/3) silty clay, pale brown (10YR 
6/3) dry; common coarse faint mottles, brownish yellow (10YR 6/6) 
moist; moderate medium blocky structure; very hard, firm; few fine 
roots; clay films on surfaces of peds; many small soft black pellets; 
few small chert pebbles; slightly acid; gradual smooth boundary. 

B31—38 to 48 inches; coarsely mottled brown (10YR 5/3), yellowish 
brown (10YR 5/6), and strong brown (7.5YR 5/6) silty clay, pale 
brown (10YR 6/3), brownish yellow (10YR 6/6), and reddish yellow 
(7.5YR 6/6) dry; moderate medium blocky structure; very hard, 
firm; mildly alkaline; gradual smooth boundary. 

B32—48 to 61 inches; coarsely mottled light brownish gray (LOYR 6/2) 
and yellowish brown (10YR 5/4) silty clay, very pale brown (10YR 
7/8) and light yellowish brown (10YR 6/5) dry; weak medium blocky 
structure; very hard, firm; common medium black masses and 
stains; mildly alkaline. 


The solum is more than 60 inches thick. The mollic epipedon ranges 
from 10 to 20 inches in thickness and in places extends into the upper 
part of the B1 horizon. The A horizon has hue of 10YR, value of 2 or 3 
(8 to 5 dry), and chroma of 2 or 3. The BI horizon has hue of 10YR or 
7.5YR, value of 3 or 4, and chroma of 2 or 8. The B2t horizon has hue of 
10YR or 7.5YR, value of 4 or 5, and chroma of 3 to 5. Reaction is mildly 
alkaline to strongly acid throughout the profile. 


Eram series 


The Eram series consists of moderately deep, 
moderately well drained, slowly permeable soils on 
uplands. These soils formed in material weathered from 
shale. Slopes range from 1 to 7 percent. 

Eram soils are similar to Bates, Kenoma, Talihina, and 
Zaar soils and are adjacent to Bates and Talihina soils on 
the landscape. Bates soils have less clay throughout the 
control section than .Eram soils. Unlike Eram soils, 
Kenoma and Zaar soils have a solum that is more than 40 
inches thick and Talihina soils lack a Bt horizon and are 
less than 20 inches deep over shale. 
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Typical pedon of Eram silty clay loam, 4 to 7 percent 
slopes, 2,000 feet east and 300 feet north of the southwest 
corner of sec. 34, T. 23 S., R. 19 E. 


Al—O to 8 inches; very dark grayish brown (LOYR 3/2) silty clay loam, 
dark grayish brown (10YR 4/2) dry; moderate medium granular 
structure; slightly hard, friable; many fine roots; slightly acid; 
gradual smooth boundary. 

B2t—8 to 14 inches; very dark grayish brown (2.5Y 3/2) silty clay, gray- 
ish brown (2.5Y 5/2) dry; moderate medium granular and fine 
blocky structure; common medium distinct mottles, yellowish brown 
(10YR 5/6) moist; very hard, firm; common fine roots; medium acid; 
gradual smooth boundary. 

B3—14 to 30 inches; olive brown (2.5Y 4/4) silty clay, light olive brown 
(2.5Y 5/4) dry; common fine distinct mottles, grayish brown (10YR 
5/2) moist; weak fine subangular blocky and blocky structure; very 
hard, firm; few fine roots; scattered fragments of shale increasing 
with inereasing depth; strongly acid; gradual smooth boundary. 

C—30 te 48 inches; light olive brown unweathered shale. 


The solum ranges from 20 to 40 inches in thickness. The mollic 
epipedon ranges from 8 to 20 inches in thickness. The Al horizon has 
hue of 10YR, value of 2 or 3 (4 or 5 dry), and chroma of 2 or 8. The B2t 
horizon has hue of 2.5Y or 1OYR, value of 3 or 4, and chroma of 2 or 3. 
Reaction is neutral to strongly acid throughout the profile. In some 
pedons, seams of calcium carbonate occur in the lower part of the B2t 
horizon and extend into the C horizon. 


Kenoma series 


The Kenoma series consists of deep, moderately well 

drained, very slowly permeable soils on uplands. These 
soils formed in material weathered from sediments high 
in content of silt and clay. Slopes are 1 to 8 percent. 
_ Kenoma soils are similar to’ Catoosa, Dennis, Eram, 
Woodson, and Zaar soils and are adjacent to those soils on 
the landscape. Unlike Kenoma soils, Catoosa and Eram 
soils have a solum that is less than 40 inches thick, Dennis 
and Zaar soils do not have an abrupt textural change 
between an Al horizon and a B2t horizon, and Woodson 
soils have a chroma of 1 or less in the lower part of the 
mollie epipedon. 

Typical pedon of Kenoma silt loam, 1 to 3 percent 
slopes, 3,200 feet south and 200 feet west of the northeast 
corner of sec. 1, T. 25S., R. 19 E. 


Ap—0O to 8 inches; very dark gray (10YR 3/1) silt loam, gray (10YR 5/1) 
dry; weak fine and medium granular. structure; slightly hard, fria- 
ble; many fine roots; slightly acid; abrupt smooth boundary. 

B12t—8 to 15 inches; very dark grayish brown (10YR 3/2) silty clay, 
grayish brown (10YR 5/2) dry; few vertical streaks of very dark 
brown (10YR 2/2) silt loam; few fine distinct mottles, strong brown 
(7.5YR 5/6) moist; weak fine and very fine subangular blocky and 
blocky structure; hard, firm; common fine roots; clay films on ped 
faces; slightly acid; gradual wavy boundary. 

B22t—15 to 22 inches; very dark grayish brown (10YR 3/2) silty clay, 
dark grayish brown (10YR 4/2) dry; few vertical streaks of very 
dark brown (LOYR 2/2) silt loam; few fine distinct mottles, strong 
brown (7.5YR 5/6) moist; weak fine subangular blocky structure; 
very hard, very firm; common fine roots; clay films on ped faces; 
slightly acid; gradual smooth boundary. 

B23t—22 to 32 inches; mixed brown (10YR 4/3) and dark grayish brown 
(LOYR 4/2) silty clay, brown (1OYR 5/3) and grayish brown (10YR 
5/2) dry; few vertical streaks of very dark brown (10YR 2/2) silt 
loam; few fine distinct mottles, strong brown (7.5YR 5/6) moist; 
weak medium subangular blocky and blocky structure; very hard, 
very firm; common fine roots; thin clay films on ped faces; few 
black concretions; neutral; gradual wavy boundary. 


B31~-32 to 42 inches; mixed strong brown (7.5YR 5/6) and gray (5Y 5/1) 
light silty clay, reddish yellow (7.5YR 6/6) and gray (5Y 6/1) dry; 
few vertical streaks of very dark brown (10YR 2/2) silt loam; weak 
fine blocky structure; very hard, very firm; few fine roots; 
moderately alkaline; gradual wavy boundary. 

B32—42 to 55 inches; mixed strong brown (7. BYR 5/6) and gray (5Y 5/1) 
light silty clay, reddish yellow (7.5YR 6/6) and gray (5Y 6/1) dry; 
moderate fine and very fine blocky structure; extremely hard, ex- 
tremely firm; few fine roots; mildly alkaline; gradual wavy bounda- 


ry. 

B33—55 to 62 inches; mixed strong brown (7.5YR 5/6) and gray (5Y 5/1) 
light silty clay, reddish yellow (7.5YR 6/6) and gray (5Y 6/1) dry; 
stone line at upper boundary containing rounded chert pebbles 1/2 
inch to 3 inches in size; moderate fine and very fine blocky struc- 
ture; extremely hard, extremely firm; few fine roots; few black 
concretions; common black streaks; few rounded chert pebbles less 
than 1/2 inch in size scattered throughout; mildly alkaline. 


The solum is more than 40 inches thick. The mollic epipedon ranges 
from 10 to more than 20 inches in thickness. The A horizon has hue of 
10YR, value of 2 or 3 (4 or.5 dry), and chroma of 8 or less. It is silt loam 
or silty clay loam. The B2t horizon has hue of 10YR-or 7.5YR, value of 2 
or 3, and chroma of 2 or 3. Reaction is strongly acid to moderately al- 
kaline throughout the profile. Scattered fine and medium chert frag- 
ments are throughout some pedons. 


Leanna series 


The Leanna series consists of deep, somewhat poorly 
drained, very slowly permeable soils on flood plains and 
terraces. These soils formed in clayey alluvial sediments. 
Slopes are 0 to 2 percent. 

Leanna soils are similar to Mason, Osage, and Verdigris 
soils and are adjacent to those soils on the landscape. Un- 
like Leanna soils, Mason and Verdigris soils have a fine 
silty texture and have no albic horizon. Osage soils also 
have no albic horizon. 

Typical pedon of Leanna silt loam 400 feet east and 150 
feet north of the southwest corner of sec. 23, T. 26 S., R. 
17K. 


Al—0 to 7 inches; black (10YR 2/1) silt loam, gray (1OYR 5/1) dry; 
moderate fine granular structure; slightly hard, friable; many fine 
and medium roots; slightly acid; clear smooth boundary. 

A2—7 to 18 inches; dark gray (10YR 4/1) silt loam, gray (10YR 6/1) dry; 
few fine faint mottles, dark yellowish brown (10YR 4/4) moist; 
moderate to weak fine granular structure; slightly hard, friable; 
common fine and medium roots; strongly acid; clear smooth bounda- 


ry. 

B2t—13 to 26 inches; very dark gray (10YR 3/1) silty clay, dark gray 
(LOYR 4/1) dry; common fine faint mottles, dark yellowish brown 
(LOYR 4/4) moist; moderate medium blocky structure; very hard, 
firm; few medium roots; thin clay films on surface of peds; strongly 
acid; gradual smooth boundary. 

B3—26 to-52 inches; dark gray (10YR 4/1) heavy silty clay loam, gray 
(LOYR 5/1) dry; common fine faint mottles, brown (LOYR 5/3) moist; 
moderate medium blocky structure; very hard, firm; few fine and 
medium roots; neutral; gradual smooth boundary. 

C—52 to 66 inches; dark grayish brown (2.5Y 4/2) heavy silty clay loam, 
grayish brown (2.5Y 5/2) dry; common medium distinct mottiles, yel- 
lowish brown (10YR 5/4) and gray (10YR 6/1) moist; massive; very 
hard, firm; few fine roots; neutral. 


The solum ranges from about 30 to 70 inches in thickness. The mollic 
epipedon is more than ‘20 inches thick. The Al horizon has hue of 10YR, 
value of 2 or 3 (4 or 5 dry), and chroma of 1 or 2. The A2 horizon has 
hue of 10YR, value of 4 or 5, and chroma of 1 or 2. The A horizon is 
dominantly silt loam, but in places is silty clay loam. The B2t horizon has 
hue of 10YR or 2.5Y, value of 3 or 4, and chroma of 1. In some pedons, 
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the C horizon is silty clay. Reaction is strongly acid to neutral 
throughout the profile. 


Mason series 


The Mason series consists of deep, well drained soils on 
terraces. These soils formed in silty alluvial sediments. 
Permeability is moderately slow. Slopes are 0 to 2 per- 
cent. 

Mason soils are similar to Dennis, Leanna, Osage, and 
Verdigris soils and are adjacent to Osage and Verdigris 
soils on the landscape. Unlike Mason soils, Dennis soils 
are on uplands, Leanna and Osage soils have a fine tex- 


tured control section, and Osage and Verdigris soils have - 


no argillic horizon. 

Typical pedon of Mason silt loam 2,000 feet west and 
400 feet south of the northeast corner of sec. 2, T. 26 S., 
R.17 E. 


Ap—0 to 7 inches; very dark brown (10YR 2/2) silt loam, dark grayish 
brown (10YR 4/2) dry; disturbed fine granular structure; slightly 
hard, friable; common fine roots; scattered worm casts; slightly 
acid; clear smooth boundary. 

Al2—7 to 17 inches; very dark brown (10YR 2/2) silt loam, dark grayish 
brown (10YR 4/2) dry; moderate medium granular structure; 
slightly hard, friable; common fine roots; scattered worm casts; 
slightly acid; gradual smooth boundary. 

B21t—17 to 27 inches; very dark grayish brown (10YR 3/2) silty clay 
loam, dark brown (10YR 4/3) dry; moderate fine to medium suban- 
gular blocky structure; slightly hard, friable; common fine roots; 
few worm casts; thin clay films on surfaces of peds; medium acid; 
gradual smooth boundary. : 

B22t—27 to 45 inches; very dark grayish brown (LOYR 3/2) light silty 
clay loam, dark brown (10YR 4/3) dry; few fine distinct mottles, 
strong brown (7.5YR 5/6) moist; moderate medium subangular 
blocky structure; slightly hard, friable; lower 5 inches contains some 
black stains; thin clay films on surfaces of peds; strongly acid; dif- 
fuse smooth boundary. 

C—465 to 63 inches; dark grayish brown (10YR 4/2) light silty clay loam, 
brown (10YR 5/3) dry; few fine distinct mottles, strong brown 
(7.5YR 5/6) moist; massive; hard, firm; strongly acid. 


The solum ranges from 40 to more than 60 inches in thickness. The 
mollic epipedon is more than 20 inches thick. The A horizon has hue of 
10YR, value of 2 or 3, and chroma of 2 or 3. It is dominantly silt loam, 
but in places is silty clay loam. The Bt horizon has hue of 10YR, value of 
3 or 4, and chroma of 2 or 3. Reaction is strongly acid to neutral 
throughout the profile. The clay content of the Bt horizon is less than 35 
percent. 


Nowata series 


The Nowata series consists of moderately deep, well 
drained soils on uplands. These soils formed in material 
weathered from limestone high in content of chert frag- 
ments. Permeability is moderately slow. Slopes are 3 to 7 
percent. 

Nowata soils are similar to Bates, Catoosa, Eram, and 
Olpe soils and are adjacent to Catoosa soils on the land- 
scape. Unlike Nowata soils, Bates soils have a fine-loamy 
control section and Catoosa soils have a fine-silty control 
section. Eram and Olpe soils have a more clayey B2t 
sore than Nowata soils, and Olpe soils have a deeper 
solum. 


Typical pedon of Nowata silt loam, 3 to 7 percent 
slopes, 2,200 feet north and 200 feet west of the southeast 
corner of sec. 32, T. 25 S., R. 21 E. 


A1—0 to 9 inches; very dark brown (10YR 2/2) silt loam, dark grayish 
brown (10YR 4/2) dry; moderate medium granular structure; 
slightly hard, friable; common fine and medium roots; 10 percent, by 
volume, angular chert rocks ranging in size from 1/2 inch to 7 
inches; neutral; gradual smooth boundary. 

Bi—9 to 12 inches; very dark brown (7.5YR 2/2) light silty clay loam, 
brown (7.5YR 4/2) dry; moderate medium granular structure; hard, 
firm; eommon fine and medium roots; 20 percent, by volume, angu- 
lar chert rocks ranging from 1/4 inch to 7 inches in size; medium 
acid; clear wavy boundary. 

B21t—12 to 22 inches; mixed dark reddish brown (SYR 3/2) and reddish 
brown (5YR 4/4) silty clay loam, dark reddish gray (SYR 4/2) and 
reddish brown (5YR 4/4) dry; moderate medium and fine granular 
structure; very hard, firm; common fine and medium roots; few 
worm casts; thin clay films on surfaces of peds and chert frag- 
ments; 60 to 70 percent, by volume, angular chert rocks ranging 
from 1/4 to 7 inches in size, most less than 3 inches; medium acid; 
gradual wavy boundary. 

B22t—22 to 27 inches; mixed dark reddish brown (5YR 3/8) and reddish 
brown (5YR 4/4) silty clay loam, reddish brown (5YR 4/3, 4/4) dry; 
moderate medium and fine granular structure; very hard, firm; 
common fine and medium roots; many black stains and accumula- 
tions; thin clay films on peds and chert fragments; 60 to 70 percent, 
by volume, angular chert rocks 1/4 inch to 7 inches in size; neutral; 
abrupt wavy boundary. 

R—27 inches; fractured limestone; crack fill material between depths of 
27 and 33 inches; mixed dark brown (7.5YR 4/4) and strong brown 
(7.5YR 5/6) silty clay; strongly alkaline. 


The solum ranges from 20 to 40 inches in thickness. The mollic 
epipedon ranges from 10 to more than 20 inches in thickness. The A 
horizon has hue of 10YR or 7.5YR, value of 2 or 3, and chroma of 2 or 3. 
Coarse fragments are less than 10 percent by volume. The B2t horizon 
has hue of 7.5YR or 5YR, value of 3 or 4, and chroma of 3 or 4. In some 
pedons, unweathered shale occurs above the limestone bedrock. Scat- 
tered chert fragments generally are on the surface. Reaction is medium 
acid to neutral throughout the profile. 


Olpe series 


The Olpe series consists of deep, well drained, slowly 
permeable soils on uplands. These soils formed in old 
clayey alluvium high in content of chert gravel. Slopes 
range from 3 to 15 percent. 

Olpe soils are similar to Nowata soils and are adjacent 
to Catoosa, Dennis, and Kenoma soils on the landscape. 
Unlike Olpe soils, Nowata soils have a loamy-skeletal con- 
trol section and a solum that is less than 40 inches thick 
and Catoosa, Dennis, and Kenoma soils contain no chert 
gravel. Also, Catoosa soils have a thinner solum than Olpe 
soils. 

Typical pedon of Olpe gravelly silt loam, in an area of 
Olpe soils, 3 to 15 percent slopes, 1,000 feet west and 270 
feet south of the center of sec. 12, T. 26 S., R. 17 E. 


All—0 to 7 inches; dark brown (7.5YR 3/2) gravelly silt loam, brown 
(75YR 5/2) dry; moderate fine granular structure; slightly hard, fri- 
able; many roots; 15 percent, by volume, rounded chert gravel; 
slightly acid; gradual wavy boundary. 

Al2—7 to 15 inches; dark brown (7.5YR 3/2) gravelly heavy silt loam, 
brown (7.5YR 5/2) dry; moderate medium granular structure; 
slightly hard, friable; many roots; approximately 40 percent, by 
volume, rounded chert gravel; medium acid; gradual wavy bounda- 
ry. 
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B1—15 to 26 inches; dark reddish brown (5YR 3/4) gravelly silty clay 
loam, reddish brown (5YR 4/4) dry; moderate medium subangular 
blocky structure; hard, firm; common roots; approximately, 85 per- 
cent by volume, rounded chert gravel; medium acid; gradual wavy 
boundary. 

B21t—26 to 38 inches; reddish brown (5YR 4/4) gravelly silty clay, red- 
dish brown (5YR 5/4) dry; moderate fine angular blocky structure; 
extremely hard, very firm; few roots; continuous clay films on sur- 
faces of peds; approximately 85 percent rounded chert gravel; medi- 
um acid; gradual wavy boundary. 

B22t—38 to 58 inches; yellowish red (6YR 4/6) gravelly silty clay, yel- 
lowish red (5YR 5/6) dry; few medium prominent mottles, light 
brownish gray (2.5Y 6/2) moist, in lower part; moderate medium an- 
gular blocky structure; extremely hard, very firm, very few roots; 
continuous clay films on surfaces of peds; approximately 80 percent, 
by volume, rounded chert gravel; medium acid; gradual wavy boun- 

ary. 

B3—58 to 74 inches; coarsely mottled yellowish red (5YR 5/6), yellowish 
brown (10YR 5/6), and light brownish gray (2.5Y 6/2), moist or dry, 
gravelly silty clay; weak medium angular blocky structure; extreme- 
ly hard, very firm; very few roots; thin patchy clay films on sur- 
faces of peds; approximately 60 percent rounded chert gravel; medi- 
um acid. 


The solum is more than 60 inches thick. The mollie epipedon ranges 
from 10 to 20 inches in thickness. The A horizon has hue of 10YR or 
7.5YR, value of 2 or 3 (8 to 5 dry), and chroma of 1 to 3. It is dominantly 
gravelly silt loam, but in places is silt loam. The B2t horizon has hue of 


5YR or 7.5YR, value of 3 or 4, and chroma of 4 or 5. Reaction is . 


strongly acid to slightly acid throughout the profile. 


Osage series 


The Osage series consists of deep, poorly drained, very 
slowly permeable soils on low terraces and flood plains. 
These soils formed in clayey alluvial sediments. Slopes 
are 0 to 2 percent. 

Osage soils are similar to Woodson and Zaar soils and 
are adjacent to Leanna, Mason, and Verdigris soils on the 
landscape. Unlike Osage soils, Woodson soils have an ar- 
gillic horizon and Zaar soils are on uplands. Leanna soils 
are lighter colored than Osage soils and also differ from 
those soils in having an albic horizon. Mason and Ver- 
digris soils have less clay in the control section than 
Osage soils. 

Typical pedon of Osage silty clay 100 feet west and 50 
feet south of the northeast corner of the southeast 
quarter of sec. 7, T. 24 S., R. 18 E. 


Al1l—0 to 14 inches; black (10YR 2/1) silty clay, very dark gray (LOYR 
3/1) dry; strong fine granular structure; many fine roots; slightly 
acid; gradual smooth boundary. 

A12—14 to 26 inches; black (10YR 2/1) silty clay, very dark gray (LOYR 
8/1) dry; strong fine granular and fine subangular blocky structure; 
very hard, very firm; few fine roots; evidence of filled vertical 
cracks; slightly acid; gradual smooth boundary. 

B2lg—26 to 34 inches; very dark gray (10YR 3/1) silty clay; few faint 
medium mottles of dark gray (N 4/0); moderate fine and medium 
angular blocky structure; very hard, very firm; few fine roots; few 
slickensides; evidence of filled vertical cracks; neutral; diffuse 
smooth boundary. 

B22g—34 to 46 inches; very dark gray (10YR 3/1) silty clay; common 
fine faint mottles of dark gray (N 4/0); weak fine and medium 
blocky structure; extremely hard, very firm; scattered lime concre- 
tions; few small black pellets; mildly alkaline; diffuse smooth boun- 
dary. 

B23g—46 to 63 inches; very dark gray (L0YR 3/1) silty clay; common 
medium faint mottles of dark gray (5Y 4/1); weak medium and 


coarse blocky structure; extremely firm; few fine lime concretions; 
mildly alkaline. 


The solum is more than 40 inches thick. The mollic epipedon is more 
than 20 inches thick. The A horizon has hue of 10YR or 2.5Y, value of 2 
or 3, and chroma of 1 or 2. It is silty clay or silty clay loam. The B 
horizon has hue of 10YR or 2.5Y, value of 3 or 4, and chroma of 1.5 or 
less. Reaction is medium acid to mildly alkaline throughout the profile. 
Some pedons have free calcium carbonate throughout. 


Talihina series 


The Talihina series consists of shallow, moderately well 
drained, slowly permeable soils on uplands. These soils 
formed in material weathered from shale. Slopes range 
from 5 to 25 percent. 

Talihina soils are similar to Collinsville and Eram soils 
and are adjacent to Bates, Collinsville, and Eram soils on 
the landscape. Unlike Talihina soils, Collinsville soils have 
a loamy eontrol section and Bates and Eram soils have an 
argillic horizon. 

Typical pedon of Talihina silty clay loam, 5 to 20 per- 
cent slopes, 150 feet west and 50 feet north of the 
southeast corner of the southwest quarter of sec. 33, T. 23 
S., R. 19 E. 


A1—0 to 7 inches; very dark grayish brown (2.5Y 3/2) silty clay loam, 
grayish brown (2.5Y 5/2) dry; moderate medium granular structure; 
hard, friable; many fine roots; slightly acid; gradual wavy boundary. 

B2—7 to 18 inches; dark grayish brown (2.5Y 4/2) silty clay, light 
brownish gray (2.5Y 6/2) dry; common fine distinct. mottles, yel- 
lowish brown (LOYR 5/6) moist, in lower part; moderate medium 
granular and fine blocky structure; very hard, firm;.many fine 
roots; scattered small shale fragments; evidence of vertical cracks; 
neutral; gradual wavy boundary. 

C1—18 to 17 inches; grayish brown (2.5Y 5/2) silty clay, light gray (2.5Y 
7/2) dry; common fine distinct mottles of yellowish brown (10YR 
5/6) and few fine faint mottles of gray (N 5/0); massive; very hard, 
firm; few fine roots; many shale fragments; slightly acid, clear wavy 
boundary. 

C2—17 to 24 inches; grayish brown (2.5Y 5/2) soft shale; lenses of cal- 
careous material; mildly alkaline. 


The solum ranges from 10 to 20 inches in thickness. The mollic 
epipedon is 7 to 10 inches thick. The A horizon has hue of 10YR or 2.5Y, 
value of 2 or 3, and chroma of 2 or 3. It is dominantly silty clay loam, 
but in places is silty clay. The B horizon has hue of 10YR or 2.5Y, value 
of 3 to 5, and chroma of 2 to 4. Reaction is slightly acid to mildly al- 
kaline throughout the profile. Some pedons have shale fragments 
throughout. 


Verdigris series 


The Verdigris series consists of deep, moderately well 
drained, moderately permeable soils on terraces and flood 
plains. These soils formed in silty alluvium. Slopes are 0 
to 2 percent. 

Verdigris soils are similar to Mason soils and are ad- 
jacent to Mason and Osage soils on the landscape. Unlike 
Verdigris soils, Mason soils have an argillic horizon and 
Osage soils are fine textured. 

Typical pedon cf Verdigris silt loam 3,600 feet west and 
1,200 feet south of the northeast corner of sec. 7, T. 24 S., 
R. 18 E. 


Al1—0 to 10 inches; very dark grayish brown (10YR 3/2) silt loam, dark 
grayish brown (10YR 4/2) dry; moderate medium granular struc- 
ture; slightly hard, friable; slightly acid; gradual smooth boundary. 


40 SOIL SURVEY 


A12—10 to 23 inches; very dark grayish brown (10YR 3/2) silt loam, 
dark grayish brown (10YR 4/2) dry; moderate medium granular 
structure; hard, friable; slightly acid; gradual smooth boundary. 

AC1—-23 to 89 inches; very dark grayish brown (10YR 3/2) heavy silt 
loam, dark grayish brown (10YR 4/2) dry; few fine faint mottles, 
dark yellowish brown (10YR 3/4) moist; moderate medium granular 
structure; hard, friable; neutral; gradual smooth boundary. 

AC2—39 to 53 inches; very dark grayish brown (10YR 3/2) silt loam, 
dark grayish brown (10YR 4/2) dry; few fine faint mottles, dark 
brown (10YR 3/3) moist; weak medium granular structure; hard, 
firm; neutral; gradual smooth boundary. 

Alb—53 to 62 inches; very dark brown (LOYR 2/2) heavy silt loam, very 
dark grayish brown (10YR 3/2) dry; few fine faint mottles, dark 
brown (10YR 3/3) moist; massive; hard, firm, neutral. 


The solum ranges from 30 to more than 40 inches in thickness. The 
mollic epipedon is more than 24 inches thick. The A horizon has hue of 
10YR or 7.5YR, value of 2 or 3, and chroma of 1 to 3. Texture is silt 
loam or light silty clay loam. Reaction is medium acid to neutral 
throughout the profile. 


Woodson series 


The Woodson series consists of deep, somewhat poorly 
drained, very slowly permeable soils on uplands. These 
soils formed in old alluvium. Slopes are 0 to 2 percent. 

Woodson soils are similar to Kenoma, Osage, and Zaar 
soils and are adjacent to Kenoma and Zaar soils on the 
landscape. Unlike Woodson soils, Kenoma soils have a 
chroma of 2 or more in the Bt horizon, Zaar soils have no 
abrupt textural change between the A horizon and a Bt 
horizon, and Osage soils have no argillic horizon and are 
on nearly level flood plains. 

‘Typical pedon of Woodson silt loam 1,420 feet east and 
100 feet south of the northwest corner of sec. 23, T. 25 S., 
R. 19 E. 


A1l—O to 8 inches; very dark gray (10YR 3/1) silt loam, gray (LOYR 5/1) 
dry; weak fine granular structure; slightly hard, friable; many fine 
roots; medium acid; abrupt smooth boundary. 

B2lt—8 to 19 inches; very dark gray (10YR 3/1) silty clay, dark gray 
(LOYR 4/1) dry; few fine faint mottles, dark brown (10YR 3/8) 
moist; moderate fine blocky structure; extremely hard, very firm; 
common fine roots; clay films on surface of peds; medium acid; 
gradual smooth boundary. 

B22t—19 to 31 inches; very dark gray (LOYR 3/1) silty clay, gray (LOYR 
5/1) dry; many medium distinet mottles, strong brown (7.5YR 5/6) 
moist, and few medium distinet mottles olive brown (2.5Y 4/4) 
moist; moderate to weak fine and medium blocky structure; ex- 
tremely hard, very firm; common fine roots, but less than horizon 
above; clay films on surface of peds; few fine black concretions; 
medium acid; gradual smooth boundary. 

B31—31 to 38 inches; gray (10YR 5/1) silty clay, light gray (10YR 6/1) 
dry; few medium distinct mottles, dark reddish brown (5YR 3/4) 
moist; weak medium blocky structure; extremely hard, very firm; 
few fine roots; clay films on surfaces of most peds; few fine black 
concretions; few to common fine gypsum particles; medium acid; 
diffuse wavy boundary. 

B32—38 to 63 inches; gray (1OYR 5/1) silty clay, light gray (LOYR 6/1) 
dry; many fine distinet olive (5Y 4/6) mottles; moderate fine and 
very fine blocky structure; extremely hard, very firm; very few 
roots; common fine black concretions; few fine gypsum particles; 
medium acid. 


The solum ranges from 30 to more than 40 inches in thickness. The 
mollic epipedon is more than 20 inches thick. The A horizon has hue of 
10YR, value of 2 or 3, and chroma of 1 or less. It is dominantly silt loam, 
but in places is silty clay loam. In some pedons, a thin A2 horizon occurs. 
The Bt horizon has hue of 10YR or 2.5Y, value of 2 to 4, and chroma of 


1.5 or less. In places the lower part of the B horizon has chroma of 2 or 
3. Reaction is medium acid to neutral throughout the profile. 


Zaar series 


The Zaar series consists of deep, somewhat poorly 
drained, very slowly permeable soils on uplands. These 
soils formed in material weathered from shale. Slopes 
range from 1 to 7 percent. 

Zaar soils are similar to Kenoma, Osage, and Woodson 
soils and are adjacent to Catoosa, Kenoma, Eram, and 
Woodson soils on the landscape. Unlike Zaar soils, 
Catoosa, Kenoma, Eram, and Woodson soils have an argil- 
lic horizon. Also, Catoosa and Eram soils have a thinner 
solum than Zaar soils. 

Typical pedon of Zaar silty clay, 1 to 3 percent slopes, 
800 feet south and 350 feet east of the northwest corner 
of sec. 18, T. 25 S., R. 20 E. 


Ap--0 to 9 inches; black (LOYR 2/1) silty clay, very dark gray (l0YR 
3/1) dry; disturbed strong medium granular and fine blocky struc- 
ture; hard, firm; many fine roots; neutral; clear smooth boundary. 

A12—9 to 18 inches; black (10YR 2/1) silty clay, dark gray (LOYR 3/1) 
dry; moderate fine and medium blocky structure; hard, firm; many 
fine roots; neutral; gradual wavy boundary. 

B21—18 to 26 inches; black (10OYR 2/1) silty clay, dark gray (LOYR 3/1) 
dry; few fine distinct: mottles, reddish brown (5YR 4/3) moist; 
moderate medium blocky structure; very hard, firm; many fine 
roots; few small black pellets; neutral; gradual wavy boundary. 

B22—26 to 44 inches; very dark grayish brown (2.5Y 3/2) silty clay, 
grayish brown (2.5Y 5/2) dry; common fine distinct mottles, reddish 
brown (5YR 4/3) moist, and few fine faint mottles, gray (N 4/0) 
moist; moderate medium and fine blocky structure; very hard, firm; 
few fine roots on ped faces; scattered small black pellets; large 
filled vertical cracks of darker colored material from horizons 
above; mildly alkaline; gradual wavy boundary. 

B3—44 to 57 inches; dark brown (LOYR 4/8) silty clay, brown (L0YR 5/8) 
dry; common fine faint mottles, yellowish brown (10YR 5/6) moist; 
moderate medium subangular blocky structure; very hard, very 
firm; scattered small black pellets;-seattered lime concretions up to 
1/2 inch in size; large filled vertical cracks of darker colored materi- 
al; mildly alkaline; gradual wavy boundary. 

C—857 to 68 inches; mixed olive brown (2.5Y 4/4) and dark yellowish 
brown (10YR 4/6) silty clay, light olive brown (2.5Y 5/4) and yel- 
lowish brown (10YR 5/6) dry; few fine faint mottles, yellowish 
brown (10YR 5/8) moist; evidence of filled vertical cracks; massive; 
extremely hard, firm; many lime concretions up to 3/4 of an inch in 
size; moderately alkaline. 


The solum is more than 40 inches thick. The mollic epipedon is more 
than 24 inches thick. The A horizon has hue of 10YR or 2.5Y, value of 2 
or 3, and chroma of 1 or 2. It is dominantly silty clay, but in places is 
silty clay loam. The B horizon has hue of 10YR or 2.5Y, value of 2 to 4, 
and chroma of 1 to 3. In some pedons the lower part of the B horizon is 
silty clay loam. Reaction is medium acid to moderately alkaline 
throughout the profile. 


Classification 


The system of soil classification currently used was 
adopted by the National Cooperative Soil Survey in 1965. 
Readers interested in further details about the system 
should refer to the latest literature available (9, 11). 

The system of classification has six categories. 
Beginning with the broadest, these categories are the 
order, suborder, great group, subgroup, family, and series. 
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In this system the classification is based on the different 
soil properties that can be observed in the field or those 
that can be inferred either from other properties that are 
observable in the field or from the combined data of soil 
science and other disciplines. The properties selected for 
the higher categories are the result of soil genesis or of 
factors that affect soil genesis. In table 18, the soils of the 
survey area are classified according to the system. 
Categories of the system are discussed in the following 
paragraphs. 

ORDER. Ten soil orders are recognized as classes in 
the system. The properties used to differentiate among 
orders are those that reflect the kind and degree of domi- 
nant soil-forming processes that have taken place. Each 
order is identified by a word ending in sol. An example is 
Mollisol. 

SUBORDER. Each order is divided into suborders 
based primarily on properties that influence soil genesis 
and are important to plant growth or that are selected to 
reflect the most important variables within the orders. 
The last syllable in the name of a suborder indicates the 
order. An example is Udoll (Ud, meaning humid, plus oll, 
from Mollisol). 

GREAT GROUP. Each suborder is divided into great 
groups on the basis of close similarities in kind, arrange- 
ment, and degree of expression of pedogenic horizons; soil 
moisture and temperature regimes; and base status. Each 
great group is identified by the name of a suborder and a 
prefix that suggests something about the properties of 
the soil. An example is Argiudolls (Argi, meaning argillic 
horizons, plus udoll, the suborder of Mollisols that have a 
udie moisture regime). 

SUBGROUP. Each great group may be divided into 
three subgroups: the central (typic) concept of the great 
groups, which is not necessarily the most extensive sub- 
graqup; the intergrades, or transitional forms to other or- 
ders, suborders, or great groups; and the extragrades, 
which have some properties that are representative of 
the great groups but do not indicate transitions to any 
other known kind of soil. Each subgroup is identified by 
one or more adjectives preceding the name of the great 
group. The adjective Typic identifies the subgroup that is 
thought to typify the great group. An example is Typic 
Argiudolls. 

FAMILY. Families are established within a subgroup 
on the basis of similar physical and chemical properties 
that affect management. Among the properties con- 
sidered in horizons of major biological activity below plow 
depth are particle-size distribution, mineral content, tem- 
perature regime, thickness of the soil penetrable by roots, 
consistence, moisture equivalent, soil slope, and per- 
manent cracks. A family name consists of the name of a 
subgroup and a series of adjectives. The adjectives are 
the class names for the soil properties used as family dif- 
ferentiae. An example is fine-silty, mixed, thermic, Typic 
Argiudolls. 

SERIES. The series consists of soils that formed in a 
particular kind of material and have horizons that, except 


for texture of the surface soil or of the underlying sub- 
stratum, are similar in differentiating characteristics and 
in arrangement in the soil profile. Among these charac- 
teristics are color, texture, structure, reaction, con- 
sistence, and mineral and chemical composition. 


Formation of the soils 


This section describes the factors of soil formation, re- 
lates them to the formation of soils in the survey area, 
and explains the processes of soil formation. 

The characteristics of a soil at any given place are 
determined by the interaction of five factors of soil for- 
mation—climate, plants and other living organisms, 
parent material, relief, and time. Each of these factors af- 
fects the formation of all soils, and each modifies the ef- 
fects of the other four. The effects of the individual fac- 
tors vary from place to place. 

Climate and vegetation act on the parent material and 
gradually change it to a natural body of soil. Relief modi- 
fies the effects of climate and vegetation, mainly through 
its influence on runoff and temperature. The nature of 
the parent material also affects the kind of soil that 
forms. Time is needed for changing the parent material 
into soil. Generally, a long period is required for distinct 
soil horizons to form. 

The interaction among these factors is more complex 
for some soils than for others. The following paragraphs 
describe the effects of the five major factors of soil for- 
mation on the soils of the survey area. 


Parent material 


Parent material is the unconsolidated mass from which 
soil forms. It determines to a large extent the mineralogi- 
cal and chemical composition of the soil and the rate at 
which soil-forming processes take place. It affects the 
texture, structure, color, natural fertility, and other pro- 
perties of the soil. Parent material forms through the 
mechanical and chemical weathering of rocks. Among the 
agents of mechanical weathering are temperature 
changes, the freezing of water, the growth of crystals, the 
actions of plants and animals, wetting and drying, abra- 
sion, and corrosion. Chemical weathering, which is more 
complex, generally results in the reduction of particle 
size; the addition of water, oxygen, and carbon dioxide; 
and the loss of soluble salts of such metallic elements as 
sodium and potassium. In a temperate climate, clay 
minerals commonly result from chemical weathering, 
which can markedly alter the color and general ap- 
pearance of a deposit. 

In Allen County the soils formed dominantly in materi- 
al weathered from Upper Pennsylvanian rocks (7). The 
exceptions are the alluvium of more recent time and scat- 
tered areas of smooth chert gravel in the western and 
northwestern parts of the county. The chert gravel is 
Tertiary material. The parent material of Olpe soils 
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weathered from these gravel deposits. The Pennsylvanian 
rocks are limestone, sandstone, and shale. 

Soils formed in material weathered from shale are the 
most extensive in the county. Eram, Talihina, and Zaar 
soils formed in material weathered from clayey shale. 
Dennis soils formed in material weathered from shale or 
intermixed sandy shale and shale. Bates soils formed in 
material weathered from sandstone and sandy shale. 
Catoosa and Nowata soils formed in material weathered 
from limestone. 

Very old alluvium deposited on the present upland is 
the parent material of Kenoma and Woodson soils. Recent 
alluvium along present streams is the parent material of 
Leanna, Mason, Osage, and Verdigris soils. 


Climate 


The climate of Allen County is continental. It varies 
widely from season to season. Temperatures below freez- 
ing in winter and 90 degrees F in summer are common. 
The average annual rainfall is about 37 inches, and the 
average annual air temperature is. about 56 degrees. 
Winter snowfall ranges from light to heavy. Most of the 
rainfall occurs in spring and fall. July and August are the 
driest and hottest months. Rainfall is.sufficient to leach 
the surface layer of many of the soils and-to transport 
clay particles into the subsoil. The rainfall also stimulates 
the growth of plants, which in turn promotes the accumu- 
lation of organic matter and darkens the surface layer. 


Plant and animal life 


Plant and animal life distinctly affects the charac- 
teristics of the upper part of the soil profile. The climate 
of Allen County favors the growth of tall prairie grasses, 
such as big bluestem, little bluestem, switchgrass, and in- 
diangrass. Somewhat open stands of mixed hardwood 
trees formerly grew along streams in the larger valleys. 

Plants provide organic matter, which improves soil 
structure. They also provide a protective cover for the 
soil, which reduces runoff, improves water intake, and 
reduces the loss of soil moisture through evaporation. 
Plant cover adjusts to soil characteristics. The nature of 
the parent material in a specific climatic region deter- 
mines to a large extent the kind of vegetation that grows. 
The fibrous roots of grasses, which are near the soil sur- 
face, provide the organic matter and darken the surface 
layer of most prairie soils. Plant residue and channels 
made by plant roots improve water percolation and aera- 
tion in the soil. Plant life also affects the animal life of a 
region by furnishing favorable conditions for soil organ- 
isms and food and cover for larger burrowing animals. 

Bacteria, fungi, and other soil organisms help in the 
weathering of rocks and the decomposition of organic 
matter. They influence the chemical, physical, and biologi- 
cal processes of soil formation. Worms and some of the 
larger burrowing animals help modify the soil profile and 
soil formation. Worm casts are common in many of the 
soils in Allen County. 


Relief 


Relief, or the gradient, length, and shape of slopes and 
their pattern, influences soil formation primarily through 
its effect on drainage, runoff, and erosion. The movement 
of water on the surface and into the soil is affected by re- 
lief. The steeper soils generally have a thinner profile 
than the less sloping soils because much of the soil 
material is removed by erosion. Talihina soils are an ex- 
ample. 

In broad areas of nearly level soils, water runs off 
more slowly, and, consequently, more can enter the soil. 
The amount of water that soaks into the soil depends on 
permeability. In Allen County many of the nearly level 
soils have well developed soil profiles and strongly con- 
trasting horizons because water leaches clay particles and 
soil minerals deep into the soil. Kenoma and Woodson 
soils are examples. Profile development is weak or imma- 
ture in the gently sloping Zaar soils because water soaks 
into the clayey surface layer very slowly. As a result, the 
effects of leaching are less. Profile development is 
generally moderate in the gently sloping and moderately 
sloping soils that formed in permeable parent material. 
Bates, Dennis, and Catoosa soils are examples. 


Time 


Time is required for parent material to be changed into 
a soil. Maturity of soils is expressed in terms of the 
degree of profile development. Soils that formed in 
parent material of the same age can differ in maturity. 
Those that show little or no evidence of profile develop- 
ment are immature, and those that have well expressed 
horizons are mature. ; 

The soils in Allen County range from immature to ma- 
ture. Those on bottom land are subject to varying degrees 
of overflow and receive new sediments when they are 
flooded. These soils generally have a somewhat thick, 
dark-colored surface layer, but have only weak soil struc- 
ture. The continual addition of sediments has helped to 
retard soil formation. Verdigris soils are an example. Zaar 
soils, which are on uplands, are considered immature 
because they lack well developed horizons. Kenoma and 
Dennis soils, which are about the same age as Zaar soils, 
are considered mature soils because they have well 
developed horizons. 
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Glossary 


Alluvium. Material, such as sand, silt, or clay, deposited on land by 
streams. 

Area reclaim. An area difficult to reclaim after the removal of soil for 
construction and other uses. Revegetation and erosion control are 
extremely difficult. : 

Association, soil. A group of soils geographically associated in a charac- 
teristie repeating pattern and defined and delineated as a single 
mapping unit. 

Available water capacity (available moisture capacity). The capacity 
of soils to hold water available for use by most plants. It is com- 
monly defined as the difference between the amount of soil water 
at field moisture capacity and the amount at wilting point. It is 


commonly expressed as inches of water per inch of soil. The capaci- 


ty, in inches, in a 60-inch profile or to a limiting layer is expressed 


as— 
Inches 
Very low .... 0 to 3 
Low ..... 3 to 6 


Moderate... ..6 to 9 
Hi gh wcssescsocscscissetsscey ceseenecdeacitivesanaeeves cesses More than 9 


Bedding system. A series of elevated beds that are arranged on the 
surface of fields by plowing or grading and are separated by shal- 
low ditches so that surface drainage is implemented. 

Bedrock. The solid rock that underlies the soil and other unconsolidated 
material or that is exposed at the surface. 

Clay. As a soil separate, the mineral soil particles less than 0.002 mil- 
limeter in diameter. As a soil textural class, soil material that is 40 
percent or more clay, less than 45 percent sand, and less than 40 
percent silt. 

Clay film. A thin coating of oriented clay on the surface of a soil ag- 
ereaste or lining pores or root channels. Synonyms: clay coat, clay 
skin. 

Clayey soils. Sandy clay, silty clay, and clay. 

Claypan. A slowly permeable soil horizon that contains much more clay 
than the horizons above it. A claypan is commonly hard when dry 
and plastic or stiff when wet. 

Coltuvium. Soil material, rock fragments, or both moved by creep, slide, 
or local wash and deposited at the bases of steep slopes. 

Complex slope. Irregular or variable slope. Planning or constructing 
terraces, diversions, and other water-control measures is difficult. 


Complex, soil. A mapping unit of two or more kinds of soil occurring in 
such an intricate pattern that they cannot be shown separately on a 
soil map at the selected scale of mapping and publication. 

Compressible. Excessive decrease in volume of soft soil under load. 

Concretions. Grains, pellets, or nodules of various sizes, shapes, and 
colors consisting of concentrated compounds or cemented soil 
grains. The composition of most concretions is unlike that of the 
surrounding soil. Calcium carbonate and iron oxide are common 
compounds in concretions. 

Consistence, soil. The feel of the soil and the ease with which a lump 
can be crushed by the fingers. Terms commonly used to describe 
consistence are— 

Loose.—Noncoherent when dry or moist; does not hold together in a 
mass. 

Friable.—When moist, crushes easily under gentle pressure 
between thumb and forefinger and can be pressed together into a 
lump. 

Firm.—When moist, crushes under moderate pressure between 
thumb and forefinger, but resistance is distinctly noticeable. 
Plastic.—When wet, readily deformed by moderate pressure but 
can be pressed into a lump; will form a “wire” when rolled between 
thumb and forefinger. 

Sticky.—When wet, adheres to other material and tends to stretch 
somewhat and pull apart rather than to pull free from other materi- 
al. 

Hard.—When dry, moderately resistant to pressure; can be broken 
with difficulty between thumb and forefinger. 

Soft.—When dry, breaks into powder or individual grains under 
very slight pressure. 

Cemented.—Hard; little affected by moistening. 

Contour stripcropping (or contour farming). Growing crops in strips 
that follow the contour. Strips of grass or close-growing crops are 
alternated with strips of clean-tilled crops or summer fallow. 

Control section. The part of the soil on which classification is based. 
The thickness varies among different kinds of soil, but for many it 
is 40 or 80 inches (1 or 2 meters). 

Cover crop. A close-growing crop grown primarily to improve and pro- 
tect the soil between periods of regular crop production, or a crop 
grown between trees and vines in orchards and vineyards. 

Crop residue management. Maintaining stubble, stalks, and other crop 
residue on the surface to help control soil blowing and water ero- 
sion, to conserve water, and to decrease evaporation. 

Crop rotation. A planned sequence of crops grown in a regular recur- 
ring succession, as contrasted with one crop grown year after year 
and with different crops grown in a haphazard order. . 

Depth to rock. Bedrock at a depth that adversely affects the specified 
use. 

Drainage class (natural). Refers to the frequency and duration of 
periods of saturation or partial saturation during soil formation, as 
opposed to altered drainage, which is commonly the result of artifi- 
cial drainage or irrigation but may be caused by the sudden deepen- 
ing of channels or the blocking of drainage outlets. Seven classes of 
natural soil drainage are recognized: 

Excessively drained.—Water is removed from the soil very rapidly. 
Excessively drained soils are commonly very coarse textured, rocky, 
or shallow. Some are steep. All are free of the mottling related to 
wetness. 

Somewhat excessively drained.—Water is removed from the soil 
rapidly. Many somewhat excessively drained soils are sandy and 
rapidly pervious. Some are shallow. Some are so steep that much of 
the water they receive is lost as runoff. All are free of the mottling 
related to wetness. 

Well drained.—Water is removed from the soil readily, but not 
rapidly. It is available to plants throughout most of the growing 
season, and wetness does not inhibit growth of roots for significant 
periods during most growing seasons. Well drained soils are com- 
monly medium textured. They are mainly free of mottling. 
Moderately well drained.—Water is removed from the soil 
somewhat slowly during some periods. Moderately well drained soils 
are wet for only a short time during the growing season, but 
periodically for long enough that most mesophytic crops are af- 
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fected. They commonly have a slowly pervious layer within or 
directly below the solum, or periodically receive high rainfall, or 
both. 

Somewhat poorly drained.—Water is removed slowly enough that 
the soil is wet for significant periods during the growing season. 
Wetness markedly restricts the growth of mesophytic crops unless 
artificial drainage is provided. Somewhat. poorly drained soils com- 
monly have a slowly pervious layer, a high water table, additional 
water from seepage, nearly continuous rainfall, or a combination of 
these. : 

Poorly drained.—Water is removed so slowly that the soil is satu- 
rated periodically during the growing season or remains wet for 
long periods. Free water is commonly at or near the surface for 
long enough during the growing season that most mesophytic crops 
cannot be grown unless the soil is artificially drained. The soil is not 
continuously saturated in layers directly below plow depth. Poor 
drainage results from a high water table, a slowly pervious layer 
within the profile, seepage, nearly continuous rainfall, or a combina- 
tion of these. 

Very poorly drained.—Water is removed from the soil so slowly 
that free water remains at or on the surface during most of the 
growing season. Unless the soil is artificially drained, most 
mesophytic crops cannot be grown. Very poorly drained soils are 
commonly level or depressed and are frequently ponded. Yet, where 
rainfall is high and nearly continuous, they can have moderate or 
high slope gradients, as for example in “hillpeats” and “climatic 
moors.” 

Erosion, The wearing away of the land surface by running water, wind, 
ice, or other geologic agents and by such processes as gravitational 
ereep. 

Erosion (geologic). Erosion caused by geologic processes acting over 
long geologic periods and resulting in the wearing away of moun- 
tains and the building up of such landscape features as flood plains 
and coastal plains. Synonym: natural erosion. 

Erosion (accelerated). Erosion much more rapid than geologic ero- 
sion, mainly as a result of the activities of man or other animals or 
of a catastrophe in nature, for example, fire, that exposes a bare 
surface. 

Excess fines. Excess silt and clay. The soil does not provide a source of 
gravel or sand for construction purposes. 

Excess salts. Excess water soluble salts. Excessive salts restrict the 
growth of most plants. 

Favorable. Favorable soil features for the specified use. 

Fertility, soil. The quality that enables a soil to provide plant nutrients, 
in adequate amounts and in proper balance, for the growth of 
specified plants when light, moisture, temperature, tilth, and other 
growth factors are favorable. 

Fine textured (heavy textured) soil. Sandy clay, silty clay, and clay. 

Flooding. The temporary covering of soil with water from overflowing 
streams, runoff from adjacent slopes, and tides. Frequency, dura- 
tion, and probable dates of occurrence are estimated. Frequency is 
expressed as none, rare, occasional, and frequent. None means that 
flooding is not probable; rare that it is unlikely but possible under 
unusual weather conditions; occasional that it occurs on an average 
of once or less in 2 years; and frequent that it occurs on an average 
of more than once in 2 years. Duration is expressed as very brief if 
less than 2 days, brief if 2 to 7 days, and long if more than 7 days. 
Probable dates are expressed in months; November-May, for exam- 
ple, means that flooding can oecur during the period November 
through May. Water standing for short periods after rainfall or 
commonly covering swamps and marshes is not considered flooding. 

Flood plain. A nearly level alluvial plain that borders a stream and is 
subject to flooding unless protected artificially. 

Foot slope. The inclined surface at the base of a hill. 

Frost: action. Freezing and thawing of soil moisture. Frost action can 
damage structures and plant roots. 

Gravel. Rounded or angular fragments of rock up to 3 inches (2 millime- 
ters to 7.5 centimeters) in diameter. An individual piece is a pebble. 

Gravelly. Containing an appreciable amount of gravel. 

Green manure (agronomy). A soil-improving crop grown to be plowed 
under in an early stage of maturity or soon after maturity. 


Gully. A miniature valley with steep sides cut by running water and 
through which water ordinarily runs only after rainfall. The distinc- 
tion between a gully and a rill is one of depth. A gully generally is 
an obstacle to farm machinery and is too deep to be obliterated by 
ordinary tillage; a rill is of lesser depth and can be smoothed over 
by ordinary tillage. 

Habitat. The natural abode of a plant or animal; refers to the kind of 
environment in which a plant or animal normally lives, as opposed 
to the range or geographical distribution. 

Horizon, soil. A layer of soil, approximately parallel to the surface, hav- 
ing distinct characteristics produced by soil-forming processes. The 
major horizons of mineral soil are as follows: 

O horizon.—An organic layer, fresh and decaying plant residue, at 
the surface of a mineral soil. 

A horizon.—The mineral horizon, formed or forming at or near the 
surface, in which an accumulation of humified organic matter is 
mixed with the mineral material. Also, a plowed surface horizon 
most of which was originally part of a B horizon. 

A2 horizon.—A mineral horizon, mainly a residual concentration of 
sand and silt high in content of resistant minerals as a result of the 
loss of silicate clay, iron, aluminum, or a combination of these. 

B horizon.—The mineral horizon below an A horizon. The B horizon 
is in part a layer of change from the overlying A to the underlying 
C horizon. The B horizon also has distinctive characteristics caused 
(1) by accumulation of clay, sesquioxides, humus, or a combination 
of these; (2) by prismatic or blocky structure; (3) by redder or 
browner colors than those in the A horizon; or (4) by a combination 
of these. The combined A and B horizons are generally called the 
solum, or true soil. If a soil lacks a B horizon, the A horizon alone is 
the solum. 

C horizon.—The mineral horizon or layer, excluding indurated 
bedrock, that is little affected by soil-forming processes and does 
not have the properties typical of the A or B horizon. The material 
of a C horizon may be either like or unlike that from which the 
solum is presumed to have formed. If the material is known to 
differ from that in the solum the Roman numeral IT precedes the 
letter C. 

R layer.—Consolidated rock beneath the soil. The rock commonly 
underlies a C horizon, but can be directly below. an A or a B 
horizon. 

Increasers. Species in the climax vegetation that increase in amount as 
the more desirable plants are reduced by close grazing. Increasers 
commonly are the shorter plants and the less palatable to livestock. 

Invaders. On range, plants that encroach into an area and grow after 
the climax vegetation has been reduced by grazing. Generally, in- 
vader plants are those that follow disturbance of the surface. 

Liquid limit. The moisture content at which the soil passes from a 
plastic to a liquid state. 

Loam. Soil material that is 7 to 27 percent clay particles, 28 to 50 per- 
cent silt particles, and less than 52 percent sand particles. 

Loamy ‘soils. Soils of intermediate texture between coarse-textured, or 
sandy, soils and fine-textured, or clayey, soils. Sandy loam, loam, silt 
loam, and clay loam. 

Low strength. Inadequate strength for supporting loads. 

Medium textured soil. Very fine sandy loam, loam, silt loam, or silt. 

Minimum tillage. Only the tillage essential to crop production and 
prevention of soil damage. 

Mottling, soil. Irregular spots of different colors that vary in number 
and size. Mottling generally indicates poor aeration and impeded 
drainage. Descriptive terms are as follows: abundance—/ew, com- 
mon, and many; size—fine, medium, and coarse; and con- 
trast—faint, distinct, and prominent. The size measurements are of 
the diameter along the greatest dimension. Fine indicates less than 
5 millimeters (about 0.2 inch); medium, from 5 to 15 millimeters 
(about 0.2 to 0.6 inch); and coarse more than 15 millimeters (about 
0.6 inch). 

Organic matter. A general term for plant and animal material, in or on 
the soil, in all stages of decomposition. Readily decomposed organic 
matter is often distinguished from the more stable forms that are 
past the stage of rapid decomposition. 
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Pan. A compact, dense layer in a soil. A pan impedes the movement of 
water and the growth of roots. The word “pan” is commonly com- 
bined with other words that more explicitly indicate the nature of 
the layer; for example, hardpan, fragipan, claypan, plowpan, and 
traffic pan. 

Parent material. The great variety of unconsolidated organic and 
mineral material in which soil forms. Consolidated bedrock is not 
yet parent material by this concept. 

Ped. An individual natural soil aggregate, such as a granule, a prism, or 
a block. 

Pedon, The smallest volume that can be called “a soil.” A pedon is three 
dimensional and large enough to permit study of all horizons. Its 
area ranges from about 10 to 100 square feet (1 square meter to 10 
square meters), depending on the variability of the soil. 

Percolation. The downward movement of water through the soil. 

Peres slowly. The slow movement of water through the soil adversely 
affecting the specified use. 

Permeability. The quality that enables the soil to transmit water or air, 
measured as the number of inches per hour that water moves 
through the soil. Terms describing permeability are very slow (less 
than 0.06 inch), slow (0.06 to 0.20 inch), moderately slow (0.2 to 0.6 
inch), moderate (0.6 to 2.0 inches), moderately rapid (2.0 to 6.0 
inches), rapid (6.0 to 20 inches), and very rapid (more than 20 
inches). 

Phase, soil. A subdivision of a soil series or other unit in the soil clas- 
sification system based on differences in the soil that affect its 
management. A soil series, for example, may be divided into phases 
on the bases of differences in slope, stoniness, thickness, or some 
other characteristic that affects management. These differencees 
are too small to justify separate series. 

pH value. (See Reaction, soil). A numerical designation of acidity and al- 
kalinity in soil. 

Piping. Moving water forms subsurface tunnels or pipelike cavities in 
the soil. 

Plasticity index. The numerical difference between the liquid limit and 
the plastic limit; the range of moisture content within which the soil 
remains plastic. 

Plastic limit. The moisture content at which a soil changes from a 
semisolid to a plastic state. 

Poorly graded. Refers to soil material consisting mainly of particles of 
nearly the same size. Because there is little difference in size of the 
particles, density can be increased only slightly by compaction. 

Poor outlets. Surface or subsurface drainage outlets difficult or expen- 
sive to install. 

Profile, soil. A vertical section of the soil extending through all its 
‘horizons and into the parent material. 

Range (or rangeland). Land that, for the most part, produces native 
plants suitable for grazing by livestock; includes land supporting 
some forest trees. 

Range site. An area of range where climate, soil, and relief are suffi- 
ciently uniform to produce a distinct kind and amount of native 
vegetation. 

Reaction, soil. The degree of acidity or alkalinity of a soil, expressed in 
pH values. A soil that tests to pH 7.0 is described as precisely 
neutral in reaction because it is neither acid nor alkaline. The 
degree of acidity or alkalinity is expressed as— 


pH 
Extremely acid .... teeters Below 4.5 
Very strongly aci w4.5 to 5.0 
Strongly acid..... 5.1 to 5.5 
Medium acid 1.5.6 to 6.0 
Slightly acid .. 6.1 to 6.5 
Neutral............ 6.6 to 7.3 
Mildly alkaline .. 74 to 78 
Moderately alkaline. .7.9 to 84 
Strongly alkaline ..... 8.5 to 9.0 


_9.1 and higher 


Rooting depth. Shallow root zone. The soil is shallow over a layer that 
greatly restricts rodts. See Root zone. 
Root zone. The part of the soil that can be penetrated by plant roots. 


Very strongly alkaline... 


Runoff. The precipitation discharged in stream channels from a 
drainage area. The water that flows off the land surface without 
sinking in is called surface runoff; that which enters the ground be- 
fore reaching surface streams is called ground-water runoff or 
seepage flow from ground water. 

Sandy soils. Loamy sand and sand. 

Seepage. The rapid movement of water through the soil. Seepage adver- 
sely affects the specified use. 

Series, soil. A group of soils, formed from a particular type of parent 
material, having horizons that, except for the texture of the A or 
surface horizon, are similar in all profile characteristics and in ar- 
rangement in the soil profile. Among these characteristics are color, 
texture, structure, reaction, consistence, and mineralogical and 
chemical composition. 

Shale. Sedimentary rock formed by the hardening of a clay deposit. 

Shear strength. Resistance to sliding within the soil mass. 

Shrink-swell. The shrinking of soil when dry and the swelling when 
wet. Shrinking and swelling can damage roads, dams, building foun- 
dations, and other structures. It can also damage plant roots. 

Silt. As a soil separate, individual mineral particles that range in diame- 
ter from the upper limit of clay (0.002 millimeter) to the lower limit 
of very fine sand (0.05 millimeter). As a soil textural class, soil that 
is 80 percent or more silt and less than 12 percent clay. 

Slick spot. Locally, a small area of soi] having a puddled, crusted, or 
smooth surface and an excess of exchangeable sodium. The soil is 
generally silty or clayey, is slippery when wet, and is low in produc- 
tivity. 

Slope. The inclination of the land surface from the horizontal. Percent- 
age of slope is the vertical distance divided by horizontal distance, 
then multiplied by 100. Thus, a slope of 20 percent is a drop of 20 
feet in 100 feet of horizontal distance. 

Slow intake. The slow movement of water into the soil. 

Small stones. Rock fragments 3 to 10 inches (7.5 to 25 centimeters) in 
diameter. Small stones adversely affect the specified use. 

Soil. A natural, three-dimensional body at the earth’s surface that is 
capable of supporting plants and has properties resulting from the 
integrated effect of climate and living matter acting on earthy 
parent material, as conditioned by relief over periods of time. 

Soil separates. Mineral particles less than 2 millimeters in equivalent 
diameter and ranging between specified size limits. The names and 
sizes of separates recognized in the United States are as follows: 
very coarse sand (2.0 millimeters to 1.0 millimeter); coarse sand (1.0 
to 0.5 millimeter); medium sand (0.5 to 0.25 millimeter); fine sand 
(0.25 to 0.10 millimeter); very fine sand (0.10 to 0.05 millimeter); silt 
(0.005 to 0.002 millimeter); and clay (less than 0.002 millimeter). 

Solum. The upper part of a soil profile, above the C horizon, in which 
the processes of soil formation are active. The solum in mature soil 
consists of the A and B horizons. Generally, the characteristics of 
the material in these horizons are unlike those of the underlying 
material. The living roots and other plant and animal life charac- 
teristics of the soil are largely confined to the solum. 

Structure, soil. The arrangement of primary soil particles into com- 
pound particles or aggregates that are separated from adjoining ag- 
gregates. The principal forms of soil structure are—platy 
(laminated), prismatic (vertical axis of aggregates longer than 
horizontal), colwmnar (prisms with rounded tops), blocky (angular 
or subangular), and granular. Structureless soils are either single 
grained (each grain by itself, as in dune sand) or massive (the parti- 
cles adhering without any regular cleavage, as in many hardpans). 

Subsoil. Technically, the B horizon; roughly, the part of the solum below 
plow depth. 

Substratum. The part of the soil below the solum. 

Subsurface layer. Technically, the A2 horizon. Generally refers to a 
leached horizon lighter in color and lower in content of organic 
matter than the overlying surface layer. 

Surface layer. Technically, the Al or Ap horizon. 

Surface soil. The soil ordinarily moved in tillage, or its equivalent in un- 
cultivated soil, ranging in depth from 4 to 10 inches (10 to 25 cen- 
timeters). Frequently designated as the “plow layer,” or the “Ap 
horizon.” 
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Terrace. An embankment, or ridge, constructed across sloping soils on 
the contour or at a slight angle to the contour. The terrace inter- 
cepts surface runoff so that it can soak into the soil or flow slowly 
to a prepared outlet without harm. A terrace in a field is generally 
built so that the field can be farmed. A terrace intended mainly for 
drainage has a deep channel that is maintained in permanent sod. 

Terrace (geologic). An old alluvial plain, ordinarily flat or undulating, 
bordering a river, a lake, or the sea. A stream terrace is frequently 
called a second bottom, in contrast with a flood plain, and is seldom 
subject to overflow. A marine terrace, generally wide, was 
deposited by the sea. 

Texture, soil: The relative proportions of sand, silt, and clay particles in 
a mass of soil. The basic textural classes, in order of increasing pro- 
portion of fine particles, are sand, loamy sand, sandy loam, loam, 
silt, silt loam, sandy clay loam, clay loam, silty clay loam, sandy 
clay, silty clay, and clay. The sand, loamy sand, and sandy loam 
classes may be further divided by specifying “coarse,” “fine,” or 
“very fine.” 

Thin layer. Otherwise suitable soil material too thin for the specified 
use. 

Tilth, soil. The condition of the soil, especially the soil structure, as re- 
lated to the growth of plants. Good tilth refers to the friable state 
and is associated with high noncapillary porosity and stable struc- 
ture. A soil in poor tilth is nonfriable, hard, nonaggregated, and dif- 


ficult to till. 

Topsoil (engineering). Presumably a fertile soil or soil material, or one 
that responds to fertilization, ordinarily rich in organic matter, used 
to topdress roadbanks, lawns, and gardens. 

Upland (geology). Land at a higher elevation, in general, than the alluvi- 
al plain or stream terrace; land above the lowlands along streams. 

Unstable fill. Risk of caving or sloughing in banks of fill material. 

Water table. The upper limit of the soil or underlying rock material that 
is wholly saturated with water. 

Water table, apparent. A thick zone of free water in the soil. An ap- 
parent water table is indicated by the level at which water stands 
in an uncased borehole after adequate time is allowed for adjust- 
ment in the surrounding soil. 

Water table, artesian. A water table under hydrostatic head, 
generally beneath an impermeable layer. When this layer is 
penetrated, the water level rises in an uncased borehole. 

Water table, perched. A water table standing above an unsaturated 
zone. In places an upper, or perched, water table is separated from 
a lower one by a dry zone. 

Well graded. Refers to a soil or soil material consisting of particles well 
distributed over a wide range in size or diameter. Such a soil nor- 
mally can be easily increased in density and bearing properties by 
compaction. Contrasts with poorly graded soil. 
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Figure 1.—Relief and drainage in Allen County. 
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Figure 2.—Typical pattern of soils in the Kenoma-Woodson-Dennis unit. 
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Figure 3.—Typical pattern of soils in the Catoosa~-Kenoma-Zaar unit. 
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Figure 4.—Typical pattern of soils in the Bates-Dennis-Kenoma unit. 
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Figure 5.—Typical pattern of soils in the Verdigris-Osage-Mason unit. 
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Figure 6.—Profile of Bates loam, 1 to 4 percent slopes. Depth is Figure 7.--Profile of Catoosa silt loam in an area of Catoosa-Rock 
indicated in feet. outcrop complex, 1 to 8 percent slopes. Hard limestone is at a depth of . 
27 inches. 
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Figure 8.—Area of Eram silty clay loam, 2 to 7 percent slopes, eroded. 


Figure 9.—Tame pasture of tall fescue grass on Kenoma silt loam, 1 to 3 percent slopes. 
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‘igure 10.—Typical profile of Olpe gravelly silt loam in an area of Olpe Figure 11.—Typical profile of Talihina silty clay loam, 5 to 20 percent 
soils, 3 to 15 percent slopes. Depth is indicated in feet. slopes. Depth is indicated in feet. 
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Figure 13.—Wooded area along the Neosho River. 


Figure 12.—Bales of native grass hay in an area of Woodson silt loam. 
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TABLE 1. -< TEMPERATURE AND PRECIPITATION DATA 


Precipitation! 


Temperature | 
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TABLE 2.~-FREEZE DATES IN SPRING AND FALL 


Minimum temperature? 


Probability 24o FP 280 F 329 F 


tor lower {| or lower ior lower 


eee Sree 


Last freezing 
temperature 
in spring: 


? year in 10 


later thane. April 6 April 14 April 25 
2 years in 10 


later than-~ April 4 April 9 April 20 
5 years in 10 


later than-~ March 23 


First freezing 
temperature 
in fall: 


1 year in 10 
earlier than-~ 


oO 
Q 
ot 
oO 
o 
@ 
“"S 


28 October 19 October 9 
2 years in 10 


earlier than-- November 3 October 24 October 15 
5 years in 10 


earlier than-~~ November 13 November 2 October 25 
tt 


YRecorded in the period 1941~70 at Iola, Kansas. 


ai 4 
t t 
1 i 
4 1 
t t 
4 1 
{ t 
a BY 
H t 
{ t 
4 4 
t t 
i 4 
t t 
a a 
t t 
| 
4 ‘ 
t t 
H { 
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TABLE 3.~-GROWING SEASON LENGTH 


Daily minimum temperature 
during growing season} 


i Higher i? Higher 
than i than { than 
H 24° F H 28° F H 329 F 
t Days i Days i Days 
t t t 
9 years in 10 } 214 i 196 179 
1 { 
8 years in 10 t 222 | 203 t 186 
r t 
5 years in 10 : 239 i 217 i 200 
t t 
2 years in 10 t 255 { 230 i 213 
t t f 
1 year in 10 } 264 { 237 i 220 


‘Recorded in the period 1941~70 at Iola, 
Kansas. 
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TABLE 4.-~ACREAGE AND PROPORTIONATE EXTENT OF THE SOILS 


Map } 


4 
t 
symbol} Soil name H 
‘ 
H i { 
Ba IBates Loam, 1 to 4 percent SLOPeSannmannmaan } 9,200 } 2.8 
Bb iBates loam, -4 to 7 percent slopes~--~~~-~~--- t 5,550 } eT 
Be {Bates. loam, 2 to 7 percent slopes, eroded-~-~----— 1,750 | 0.4 
Ca 4Catoosa silt loam, 0 to 2 percent S1lOPeSrmnnnnnnnnnnmnnnnnnn nen i 42,750 + 13.2 
Cb ‘Catoosa~Rock outcrop complex, 1 to 8 percent slopes i 22,750 | 7.0 
Ce iCollinsville-Bates complex, 2 to 15 percent SLOPeSmrnnn manne nnn nm mmm mm nn rotator 3,650 } 1.1 
Da {Dennis silt loam, 1 to 3 percent slopes-—~--~ pi rere ee nier merino ent etn ni nicen mover eememintcemenemeres | 25,000 | 7.7 
Db {Dennis silt loam, 3 to 7 percent slopesan--~ wmf 5,850 } 1.8 
De iDennis~Kenoma silt loams, 0 to 2 percent slopes-- 1,300 { O.4 
Ea ‘Eram silty clay loam, 1 to 4 percent slopes~~-~~-~-- 1,850 } 0.6 
Eb tEram silty clay loam, 4 to 7 percent SlOPeSennnnanenenn 4,500 } 1.4 
Ec iEram silty clay loam, 2 to 7 percent slopes, eroded 1,300 } O.4 
Ka iKenoma silt loam, 1 to 3 percent slopeS~~~-~----nnn nnn nnn 76,500 } 23.8 
La jLeanna Silt loam--~-----------nnn eee ne ete etn ieee en eemeen mney 2,050 } 0.6 
Ma IMASON Silt LOAM Wnnm mmm nnn mn mene mmr rete ne me te oe en me nt re om ni re ne ne ee te ee 8 8 8 en t 9,500 } 2.9 
Na +Nowata silt loam, 3 to 7 percent slopes 5,200 } 1.6 
Oa {Olpe soils, 3 to 15 percent slopes--~-~-~~~-----=+ 3,250 j 1.0 
Ob FOsage SILLY Clay LOaM mmm mmm mmm merein miners eeneees ame 4,350 } 1.4 
Cc LOsage Silty Clayrmnnnnnnnnnn nen re totetetatetetetetetetated 3,800 } 1.2 
Qa §QUa Pry nnn nnn nnn nnn en nn a in en eminem mem ne emen 790 } 0.2 
Ta 'Talihina silty clay loam, 5 to 20 percent SloOpeSnqnnancnannncnnananannnnnnmee mann | 1,100 } 0.4 
Tb }Talihina stony silty clay loam, 8 to 25 percent slopes~ ~-| 1,150 } 0.4 
Va tVerdigris silt loam----.----~---- Lee en ee eee ee ee ne ne me ee ee 8 et 12,900 } 4.0 
Vb iverdigris silt loam, channeled~-----~----— ete ernment nenime ee erenen mien erer ns miminem nemeen ex eeeten et es evades ene | 13,500 j 4.2 
Wa jWoodson silt loam-~~--~~~-~-~-- pete evecever evens ri ererereieeneneni ni nienererermerernrnenineer mrerenes en etn mas nt i 29,250 | 9.1 
Za {Zaar silty clay, 1 to 3 percent SLOPCSannnennnn nnn nnn nn mre ermine meme { 29,500 } 9.1 
Zb {Zaar silty clay, 3 to 7 percent slopes-~~ ete eeetererereemm meee | 4,250 | te3 
4 Wat @f aw nnn nnn nnn nnn nnn nnn nee wane wenn nen ene enn nnn nnnnnnene | g10 1 0.3 
{ Made land~~-----nanaene een ot oe re H 169 } (1) 
1 BOPPOW Pit weereretetnes eter mene r ee crete meee meete meres re rece ne pen eon rc me to em en on eng me rata! 117 i (1) 
t | Manca a rants aa iota ia i 
Total mannan nnn een nee manna nnn nnnnnnnnnnnnmnnnmnnanmncmnnnnnmnnn| 323,136 | 100.0 


lLess than 0.1 percent. 
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TABLE 5,.~-~YIELDS PER ACRE OF CROPS AND PASTURE 
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The amount of forage or feed required to feed one animal unit (one cow, one horse, one 


VAnimal-unit-month: 


his mapping unit is made up of two or more dominant kinds of soil. See mapping unit deseription for the 


five sheep, or five goats) for a period of 30 days. 
composition and behavior of the whole mapping unit. 


Yields are for areas protected from flooding. 
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TABLE 6.--RANGE PRODUCTIVITY AND COMPOSITION 


[Soils not listed are not in range sites; such soils can be ynsed for grazing if grass cover is established] 


a a aS SSS 


4 Potential production} { 
Soil name and 4 Range site name { Dry } Common plant name {Compo~ 
map symbol | {Kind of year {weight } {sition 
{ { {Lb/acre} Pot 
Bates: 4 j { 
Bay Boy Bewnnnann— {Loamy Upland~~-~-aecnnnnnnnnnn {Favorable 4 7,000 {Big bluesteMqanannnnnncc neces 1 35 
j {Normal 4 §,500 {Little bluestem-~-~ 25 
{ {Unfavorable ! 4,500 {Indiangrass----~~~ 12 
i { { {Switchgrass-~----~~ 5 
{ { 4 { Leadplant-~---~~---+ 5 
4 { { iFlameleaf sumace~~ 4 
{ 4 t jJersey-teannn-n---- 3 
{ { { 1 Purplet 0pennananne 3 
| { ‘Tall dropseed~~-~-~ 3 
{ { { 2 
{ ! 1 {Blackberrysac-- 2 
{ { H 4Seribner panicum~ 1 
! ' { {Heath asterq—~---aa aware 1 
4 4 4 f 
Catoosa: t 4 { 4 
Cal, 2, Chana-nn- f{Loamy Upland~~-----— meer ne memes me oene {Favorable 1 6,500 {Little bluestem-~---nnnan wisi} 25 
| {Normal 4 5,000 {Big bluestem 20 
4 {Unfavorable } 4,000 }Indiangrass---~~ 10 
{ t t 4 Switchgrass~~-~ 10 
{ ! { {Canada wildrye-~ 5 
{ } i {Sideoats grama~ 5 
{ t t {Blue grama~~~-~ 5 
{ t ! {Tall dropseed-~ 5 
! t t | Lespede Zannenaman wedeecss 5 
t t H \Dotted gayfeather 5 
t ' fOther ShPUbS-m-nnm mmm nnn nnn 5 
! t t 
Collinsville: { t t H 
Ce: 1 { i { 
Collinsville part{Shallow Savannaha-----cann--~ {Favorable 43,500 {Little bluestem-—~~~----~--~~-= 30 
i ‘Normal 4 2,300 !Big bluestem~~~~-~--~-~ 15 
' 4Unfavorable }{ 1,500 {Indiangrass~a-nanawnnn 10 
t t { {Switchgrass--~----~--~ 10 
{ t } {Sideoats grama~--~~~~~ 10 
t { t {Tall dropseed~-nnnnane 5 
t } H tLongspike tridens 5 
H t { Pale echinacea~---~--~ 5 
} 1 { \Heath aster-~-~--ennne 5 
' | ee SHPUb Sanna nnnen nnn 5 
t 
Bates partqnnwnan tLoamy Upland~~-~------neenenn = 1Favorable 47,000 {Big bluestemannnnnan neem 35 
4 {Normal 4 5,500 {Little bluestem-~ 25 
i AUnfavorable {| 4,500 {Indiangrass~--- 12 
{ { { {Switchgrass-~-----~ 5 
{ 1 { {Leadplant+-------= 5 
4 { 4 {Flameleaf SUMaCnnnnnannnennann 4 
H { i { Jersey -tea~nmnnnnnnnnnecnnnnns 3 
{ t i { Purple topannncennnannnnncenenn 3 
{ { \ {Tall dropseed~------n-n neem 2 
{ H i 1 Sed gen nn anne enn nnn 2 
i { ' 2 
{ t { 1 
{ t ! 1 
i { { 
Dennis: i H H 
Day Dbmnnann nnn nce jLoamy Upland----nn-nawnan nen nn {Favorable 1 7,000 {Big bluestem—~~~nnnnnnn nnn nen 35 
{ {Normal + 5,500 {Switchgrass---~~ 15 
1 4Unfavorable { 4,500 {Little bluestem~ 10 
i t t { IndiangrasS—-~-nacenen nan 10 
{ i { ‘Scribner panicum 5 
{ { { 1 Purpletop------= 5 
' : H {Tall dropseedannnnnnnnnnn enn 5 
! ! { iCatclaw sensitivebrier 5 
{ t t iGoldenrod 5 
! t { Other SHrUDSaanw manner Joc cu cata ate 105 
i } t 


See footnote at end of table. 
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TABLE 6.--RANGE PRODUCTIVITY AND COMPOSITION-~Continued 


{ 
Soil name and 1 Range site name 

map symbol { 

t 

Dennis: H 

De: } 
Dennis aes UP Land wnnennneteetccete ec ereren 

t 

{ 

1 

{ 

! 

i 

t 
Kenoma part--«--~ Clay Upland. nnn ene 

t 

t 

t 

! 

i 

4 

{ 

! 

{ 

{ 

{ 

t 

{ 

Eram: } 
Eay Edy EC nnn nena ponent UP Land ecernererer erence nemo creer 

{ 

! 

4 

{ 

4 

{ 

! 

H 

} 

Kenoma: H 
Ka nnnnnnnnncnmeccen ee UP Land enc mcc nnn mmc nme 

{ 

{ 

{ 

H 

t 

{ 

{ 

! 

{ 

| 

{ 

! 

Leanna: t 
Lo ncictreeemevene cerseee rere A Clay Lowland annmnnncccnncsmermerrens 


See footnote 


ee ee ee te 


at end of table. 


i 
{ 
t 


t 


{Favorable 
{Normal 
{Unfavorable 


eee ie eae et ete a 


{Favorable 
{Normal 
{Unfavorable 


oe ee ee ee ee 


{Favorable 
{Normal 
{Unfavorable 


{Favorable 
{Normal 
{Unfavorable 


{Favorable 
{Normal 
{Unfavorable 


{Lb/acre 


ca ee ee ee ae te ee ae ee ee ee ee ee te re ee ae ne ae ne ee ee i ea eet ete cet oie nn ole ae ad ne aie ee le ne le ee le ee ee ee 


Potential production 


Dry 


Kind of year {weight 


7,000 
5,500 
4,500 


6,000 
4,500 
2,500 


6,000 
4,200 
3,000 


6,000 
4,500 
2,500 


10,000 
8,000 
5,000 


“(Maximilian sunflower-aennnnnnnn 


{ 
1 Common plant name 
4 
t 


4 
1 
toy e. 
iBigbluestem—~-n---- nnn nnn nnn 
{Swi tchgrassananncm 
{Little bluestem-—~ 
jIndiangrass-~~~-~------ 
‘Scribner panicum-----~-------.~ 
{Purpletop 
{Tall dropseedannnnn 
{Catclaw sensitivebrier- 
{Goldenrod-n--nnnnannn nee 
Other Shrubsannnmennanenanne 
{ 


iBig bluestem-~-~--~~--~~----+-~ 
{Little bluestem 
A Indi angrassannnnncmmn mcm nnen cn 
{Switchgrassanacsanneann mananann 
{Tall dropseed-~~--~------ ne 
{Sideoats grama~~~-~-~ 
{Heath asterenn--- mae 
{Sedge 
{Seribner panicum-~-~-- 
'Leadplant-s----sene4s 
{Stiff goldenrodwanan- 
TCompassPp lant qnancmnne 
{Maximilian sunflower-~~--------~ 


{Big bluestem~~-----4---- nnn 
{Little bluestem 
{Swit chgrass~an------- 

{Indi angrassnnnnnnnancnnnn es cv eta 
Scribner pani cumanacannnnnnnnn 
IP Purpletopennnnnncncnccnn 

{Tall dropseed--~-----~~~~~ 
fCatclaw sensitivebrier 
PGOLGON Od nei mmrerm nememeesmrermnny mine mras meee 
{Other ShrubS~n--~- nan 


a 
t 
i 
t 
t 
! 
{Big DLUCSt eM nnnnnnnn nnn nena ' 
tLittle bluestem-~~-~---~--~--~-— 1 
[Indi angrassennnnnnnnnnnnnnnncn { 
{Swit chgrassannnn meee enemeer mt ewenen ene { 
{Tall dropSeed mnnnnnnnnnn nnn 4 
{Sideoats grama~~-~--~---~----~ { 
LHeath aSt Cremmemcmemmmeccernern ce { 
| Sedge wnnnnnnnnnnn nem nnn 

4Seribner panicum 
tLeadplant ~~------ ean nnn 

{Stiff goldenrod~-annnwmn 

{Compassplant ~wnnnmenn es | 


a a ee 


! 
{ 
{Prairie cordgrassen--— wet emeneiniee 
{Eastern gamagrass 
1Big bluestem 


{Knotroot bristlegrass--- 
{Maximilian sunflower-~-~ ~ 
LOther treeSannmannancnnnnnmanc i 
{ i 


—-NNNNWWUY 


Ta ety 
MAAN MNOWNN 
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SOIL SURVEY 


TABLE 6.~-RANGE PRODUCTIVITY AND COMPOSITION~~Continued 


Soil name and H Range 

map symbol t 

t 

Mason: t 
Ma we me mrrin cremermereen oa Lowland 

{ 

{ 

t 

! 

! 

! 

! 

! 

! 

Nowata ! 
Na meee mrenniccr norma: a Upland~ 

H 

{ 

! 

! 

{ 

{ 

i 

Olpe { 
VO aannnnnn mevevosesnenees eens Upland~ 

t 

t 

t 

1 

i 

t 

H 

i 

{ 

{ 

! 

Osage: t 
Obmnnne eee ee ee eees neers een Lowland 

t 

{ 

4 

H 

4 

| 
QGRan edn {Clay Lowland~ 

{ 

4 

i 

t 

! 

t 

i 

{ 

Talihina: i 
Tay Thennnennenncn {Clay Upland-- 


ee nt ee le oe i ee 


See footnote at end of table. 


site name 


enon eon rn on ee rere me me mew en 


Potential production 


! { 

H } Dry } Common plant name {Compo 
{Kind of year Iweight | {sition 
i | Ubdecre! Pet 
{Favorable 110,500 {Big bluestem----nnnennnnen ane 1 25 
{Normal 49,000 fIndiangrassnmmcsmecscnreceremete cere 1 20 
{Unfavorable { 7,000 |Switchgrassnennnnnnnanennn nnn 1045 
! ! {Little bluestem—-~-~.--n-nnnnnan 1 10 
! ! {Eastern gamagrass~nqn-nnannene 1 5 
t { [Beaked panicum--n-nennnnnnnncn 15 
t ! | Sed gerne nnannnnnnnnnnncnme nce 15 
t { {Florida paspalum~ wath <5 
t H {Compassplant~~- wml 5 
! { {Other trees----~ mn cimmm nme ccm 1 5 
t t { { 

t { { | 
{Favorable £5,000 {Little bluestem~~~~~~~----~---— 1 25 
}Normal 1 3,300 {Big bluestem-.- } 20 
{Unfavorable }{ 2,200 {Indiangrass-~-~ 1 10 
! { 1 Switchgrass~~n-nen ean 110 
! { {Scribner panicum~~--~~~~----~~= 1 5 
{ { {Other perennial grassesnuneanne £45 
H t {Other perennial forbs~~~~----- 1 40 
! ! {Other shrubs~~---~----~-+~-+~~ 15 
t { t } 

H { ! ! 
{Favorable 17,000 {Big bluestem—~~-~-- nnn 1 30 
{Normal 45,500 tLittle bluestem~~~ 1 20 
{Unfavorable { 4,000 {Indiangrassennnnnn 15 
i { | Switchgrass~~--~--~ 10 
{ i { Leadp lant ~nnnannn nnn nen ne 5 
H H {Tall dropseed----~ 5 
H 1 {Sideoats grama~ 3 
t i {Heath aster~a-~ 3 
{ { 1 SQd ge nnn naan nn nnn nnn enn 2 
{ H {Maximilian sunflower-~-~-~-----~ 1 2 
{ { | Jerse yt eannnnnnnnnnnnnn wennent 2 
{ { LOther SHrUDSaennnnemcnnemencme 1 3 
{ } { 

{ t 

{Favorable $9,000 | SWit ch grassannnnnn nnn mecnces 30 
{Normal $ 8,000 |Indiangrassnane 15 
{Unfavorable { 6,000 {Big bluestem 45 
i i {Eastern gamagrass------------— 10 
t 4 [Little bluest emennnnnanncnccne 10 
} { {Prairie cordgrasse-~n----~ 10 
H 4 1 Sunflower----- nnn n nen nn 5 
t }Eastern cottonwood 5 
t 

{Favorable 19,000 |SwitchgrasS~-~nnnnnnnn nnn nn 30 
{Normal 1 8,000 }|Indiangrass-~~~ 15 
Unfavorable 1} 6,000 {Big bluestemmnannan 15 
H t {Eastern gamagrass 10 
{ t {Little bluestem-----~~ 10 
} 4 {Prairie cordgrass 10 
} t { Sun floWe ranean annnn nce 5 
i | lEastern cottonwoodanncsnenanan 1,5 
t 

{ { 

{Favorable 1 4,000 {Little bluestem 20 
{Normal {3,000 {Big bluestem--~ 15 
{Unfavorable j{ 2,000 {Indiangrass---- 10 
t } {Switchgrass---~ 10 
{ H {Tall dropseed~-~ 5 
{ t {Sideoats gramaw-n-nn-nnnn 5 
H H fother perennial 25 
t { {Other perennial 10 
H { 


ALLEN COUNTY, KANSAS 


TABLE 6.~-RANGE PRODUCTIVITY AND COMPOSITION~«Continued 
H }_ Potential roduction} H 


Dry } Common plant name iCompo- 


Soil name and Range site name { 


{ 
map symbol t ‘Kind of year {weight } 


1 { 
Verdigris: H 4 
Vay Vinnnncnnnnnne {Loamy Lowland ~~ nen {Favorable 
tNormal 
{Unfavorable 


Woodson: 
Wa erececeeerers corer over enenes Clay Upland nnn nncn nn nen menn {Favorable 
{Normal 
{Unfavorable 


ae a ee ee ee ee ee 


Zaar: 
ZA, Zdnnwmnmerrmcr {Clay Upland--n--n nnn nnn nnn nan {Favorable 
{Normal 
{Unfavorable 


ee ee ee a 


pe ete ke ee i me wee oe eee one pn a a sl oo ee ee ee ee ee et ee ee ae ee ee ee a ee 


t 
10,000 [Big bluestemmnnnnenencen Bicweveuce 


8,500 
6,000 


6,000 
4,500 
2,500 


6,000 
4,500 
2,500 


4 
Lb/acre} H 
t { 


{Indi angrassanannnennnnnnnn anne 
ISwitchgrass---nnnnnnnen nnn 
4Eastern gamagrasSannnnnnnnnnnn 
{Little bluestem~nnan- 
{Prairie cordgrass~-~--- 
‘Maximilian sunflower 
{Wholeleaf rosSinwWeed nnnneimearnaeum 
{Tall dropseed-qnnnnnnnnnnnnnnn 
1 Sed genmnennnnen ne 
{Coralberry~~----~ 
{Canada goldenrod~ 
JOther treeSannnnnnnwn nen 


{Big bluest eMmnnnnmnrcenn ered eases 
{Little bluestemennnannnnnncnn 
| Indiangrass--~--~~-nan nna nnn 
i Switchgrass—----~-~~--- ann nn 
{Tall dropseed—~-~~-n- nanan nena 
{SideoatsS gramaqnnnannennncndnn 
{Heath aster--~ 
{ Sed ge-nnn enna nnn ~--~| 
{Scribner panicunacnenane emer | 
{| Leadplant wnemnnnnnnnnc an | 
{stiff goldenrod~-~~~~~-~ monn t 
4 Compassplant—--+-------~ sdncveet 
iMaximilian sunflowerscnananann H 


{Big bluestemannmann coon ce merece ee rceen mt H 
{Little bluestem i 
| Indi angrass-~~n-annnn nn 
{Switchgrass~-~ 
[Tall dropseedannannnnncn 

{[Sideoats gramannn--nn--- 

\Heath aster-wnnnnnnnn nnn 

| Sed ge—~-- nnn nnn nnn enn nnn 
{Scribner panicumanaanemnnnnnnn { 
{Leadplant wmnan poeanereere aa] 
{Stiff goldenrod-~-~-~-~ 
{Compassplant~---~--—~ ee | 
{Maximilian sunfloweransnnenenn H 
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rm 
fe} 
cr 


| 


SNE 


We mH ae NWWwDWOOd 


NN 
ou 


HAR NNMNMWWUTU 


Ithis mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the 


composition and behavior of the whole mapping unit. 
Rock outcrop not rated. 


66 SOIL SURVEY 
TABLE 7.--WOODLAND MANAGEMENT AND PRODUCTIVITY 


[Only the soils suitable for production of commercial trees are listed in this table. Absence of an entry ina 
column means the information was not available] 


{ Management concerns Potential productivit i 
Soil name and 1 { Equip~ {Seedling}! Wind- {| Plant } H 
map symbol {Erosion {| ment {mortal- | throw {competi~{ Important trees {Site } Trees to plant 
‘hazard { limita-1 ity 4 hazard {| tion } {index} 
tion 
1 { t t ! { t t 
Leanna: ! H t 7 4 { ! 4 
Lawn mnern cone orev ee names mene {Slight {Severe {Moderate{Moderate{Severe [Pin Cakmsemnannennnn 1} 80 {Pecan, 
{ i 4 1 H {Eastern cottonwood=-| 85 { green ash, 
{ H } { t PECAN nnn nnn nnn { ~-- | American sycamore, 
{ 1 i t t {Hackberry --~ | eastern cottonwood. 
{ 4 { ! ! {Green ash 75 4 
{ 4 { t t t { 
Mason: { { ! ! { { t 
Manan enn ee eres {Slight {Slight {Moderate{Slight {Moderate{Sweet gum~-~~-~~--~--— awn {Sweetgum, 
{ H { 4 { Northern red oakaae{ -«- | bur oak, 
4 H | t H [Green aShennnnnnanen { -e- | green ash, 
H { t H H ‘Black walnut------.— 1 wm— { black walnut, 
t t { 1 1 {Eastern cottonwood~-~{ 90 { pecan, 
f i { ! t } i 4 American sycamore. 
{ { { ! t { ! { 
Osage { i t { { t H 4 
OD nn nnn enn {Slight {Moderate}Moderate{Moderate!Severe {Pin 0ak-----~~------— 1 75 #Pin oak, 
{ i { 4 {Pecannnannnen monennn{ 50 | pecan. 
i | | iEastern cottonwodde-{ 65 
us d 
OG ten eer eece ence ~iSlight {Moderate}Severe {Moderate{Severe {Pin oak-~~-~-~----~-~ 1 #75 {Pin oak, 
4 | i t LPO CAN wemrererermeeteemiereveen { 50 4 pecan. 
t { 1 t } {Eastern cottonwood=-{ 65 } 
t ! i t { { 
Verdigris: i { t t i H { 
Vay Vinnnanccanccne ASlight {Slight {Slight {Slight {Moderate{Eastern cottonwood--{ 87 {Eastern cottonwood, 
4 t 1 t H {Pin 0ak-ancnnnnnnnnnn5 4 85 { American sycamore, 
{ H | i 4 4Shagbark hickory-~--{ 73 { pin oak. 
t t ! ! t j 
t ! ! t { i 
{ t ! ! t 4 
t { t { t t 


ALLEN COUNTY, KANSAS 


TABLE 8.--BUILDING SITE DEVELOPMENT 
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["Shrink~swell" and some of the other terms that describe restrictive soil features are defined in the 


Glossary. See text for definitions of "slight," "moderate," and "severe" ] 
: F H Dwellings t Dwellings H Small H 
Soil name and 4 Shallow } without H with 4 commercial 4 Local roads 
map symbol 4 excavations } basements H basements 4 buildings H and streets 
Bates: 
derate: Moderate: Moderate: Moderate: Moderate: 


! 

| 
Bay Bb, Bennnnnncen} M 

d 

t 

| 

i 


Catoosa: 
Cacti nnnnmnnnennen | Severed 


{ depth to rock. 


Collinsville: 
Co: 
Collinsville part-{Severe: 


{ depth to rock. 


Bates Partqnnneane {Moderate: 


{ depth to rock. 


Dennis: { 
Day Dinrnnnnnnn nnn {Severe: 
1 wetness, 
4 too clayey. 
1 
{ 


De: 
Dennis parta-w--a-={ Severe: 
1 wetness, 
} too clayey. 


Kenoma part------- \Severe: 
} too clayey. 


Eram: { 
Ea, Eb, EQennnmnnnm} Severe: 

4 too clayey, 
wetness. 


Severe: 
too clayey. 


Ka me rreentorey ners eveven ce ne newnen 


t 
! 
! 
{ 
Kenoma: 
t 
i 
t 


{ 

‘Severe: 
wetness, 
floods, 

too clayey. 


Moderate: 
too clayey, 
floods. 


Ma wim nentete mnt menes os cement ne 


t 
t 
t 
{ 
Mason: 1 
1 
4 
t 
{ 
i 


See footnote at end of table. 


° 
depth to rock. 


depth to rock. 


shrink-~swell. 


Moderate: 

low strength, 

depth to rock, 
shrink-swell. 


Moderate: 

low strength, 

depth to rock, 
shrink-swell. 


Severe: 
depth to rock. 


ae a ee ie a cake cet te oe te SE a ae enim ee te eet enim oe oe oem eam 


Moderate: 
shrinkeswell. 


Severe: 
shrinkeswell, 
low strength. 


Severe: 
shrink~swell, 
low strength. 


Severe: 
shrinkeswell. 


Severe: 
shrink-swell, 
low strength. 


Severe: 
shrink-swell. 


Severe: 
wetness, 
shrink-swell, 
floods. 


Severe: 


loods. 


ree ne es ete a ne cae ne mei meee ed oe on oe oe de ee ope ee oe ee ae ae pee oe cee ete ce mee rie pe a mate etl eee eae ete mete woe 
hy oO 


(o} 
depth to rock, 
shrink-swell. 


Severe: 


epth to rock. 


ae 


Severe: 


e 
depth to rock. 


Severe: 
depth to rock. 


Moderate: 
depth to rock, 
sshrink-swell. 


Severe: 
wetness, 
shrink-swell, 
low strength. 


ee ee ee et ee a ee a a a a a le ae oe net ie ne nate eee ele nie aoa one] 


Severe: 
wetness, 
shrink-swell, 
low strength. 


Severe: 
shrink-swell. 


Severe: 
shrink-swell, 
low strength, 
wetness. 


Severe: 
shrink-swell. 


Severe: 
wetness, 
shrink-~swell, 
Floods. 


Severe: 


loods. 


ewe eae em ee ee te me ee eo pe ae ne te i a oe ee oe en ee an ce ole te ee ae le oo pe ee eae eee et 
moO 


shrink~swell. 


Moderate: 
low strength, 
depth to rock, 
shrinkeswell. 


Moderate: 
slope, 
shrinkeswell, 


Severe: 
depth to rock, 
slope. 


Moderate: 
shrink~swell. 


Severe: 
shrinkeswell, 
low strength. 


eve ee eat on ci ee et a a ee ee ee ee Oe ae a ee a 


Severe: 
shrink-swell, 
low strength. 


Severe: 
shrink-swell. 


Severe: 
shrinkeswell, 
low strength. 


Severe: 
shrink-swell. 


Severe: 
wetness, 
shrink-swell, 
floods. 


Severe: 


e 
floods. 


eee on ete eee eile mete cpt te ee ee eae ne ee ee ee ae ane a a eb ee ne oe a ee ot ae le ane hee me me 


depth to rock. 


° 
depth to rock, 
shrinkeswell. 


Severe: 


e 
low strength. 
1 


Severe: 


ow strength. 


Severe: 
depth to rock. — 


{ 
! 
! 
{ 
t 
! 
{ 
! 
! 
{ 
i 
! 
! 
{ 
{ 
{ 
i 
t 
t 
i 
t 
{ 
{ 
}Moderate: 

i depth to rocky 
{ shrink-swell, 
{ 

{ 

{Severe: 


low strength, 
- shrink-swell. 


Severe: 
low strength, 
shrink-swell. 


4 

{ 

{ 

{ 

{ 

t 

{ 

! 

{ 

{ 

{Severe: 
1 shrink-~swell, 
| low strength. 
i 
tSevere: 

{ 

4 

t 

! 

t 

! 

4 

t 

{ 

H 


e 
low strength, 
shrink-swell. 


Severe: 
shrink-swell, 
low strength. 


i 

i 

{Severe: 

i; wetness, 

{ shrink~swell, 
1 low strength. 
{ 

i 

(Moderate: 

t 

H 

1 


floods, 
shrink-swell. 
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SOIL SURVEY 


TABLE 8.-~BUILDING SITE DEVELOPMENT~~Continued 


Soil name and t Shallow 
map symbol i excavations 
H 
Nowata: i 


Na naan nnn nnn | Severe: 


1 depth to rock. 


t 
t 
4 
Olpe: H 
Dd awnnnnnncnnnnnnnn |Moderate: 
} small stones. 
i 
H 
Osage: H 
Oby Olnnnnnnnnnnnnn | Severe: 
{ wetness, 
1 floods, 
too clayey. 
Talihina: { 
Tay Thennnnnnnmnnnn | Severe: 
1 wetness, 
} too clayey. 
{ 
{ 
Verdigris: H 
Vid vrnrememen reve nt necenemines -~{Severe 
} floods. 
! 
Vin anennnn nownenenn | Severe: 
{ floods. 
! 
Woodson: H 
Wa eeveeeneretereterne rene mins n--~{Severe: 
{ too clayey, 
1 wetness. 
{ 
{ 
Zaar: H 


Lay LDannnncnnmnnnn | Severe: 
1 too clayey, 
} wetness. 


IThis mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the 


4 without 
1 basements 


Moderate: 

depth to rock, 
shrink~swell, 
low strength. 


Moderate: 
shrink-swell, 
low strength. 


Severe: 
wetness, 
floods, 
shrink-swell. 


Severe: 
shrink-swell, 


{ 
t 
i 
{ 
! 
t 
t 
{ 
4 
Hy 
! 
i 
{ 
t 
4 
! 
t 
t 
} low strength. 
{ 
{ 
{ 
} 
i 
{ 
i 
{ 
t 
i 
t 
t 
H 
{ 
1 
{ 
4 
t 
t 
t 


Severe: 
shrink-~swell, 
low strength, 
wetness. 


shrink-swell, 
wetness, 
low strength. 


composition and behavior of the whole mapping unit. 


4 

t 

{ with 

{ basements 


vere: 
epth to rock. 


ao 


Moderate: 
shrink~swell, 
low strength. 


Severe: 
wetness, 
floods, 
shrink~swell. 


Severe: 
wetness, 
shrinkeswell, 
low strength. 


Severe: 
shrink~swell, 
low strength, 
wetness. 


Severe: 
shrink-~swell, 
wetness, 
low strength. 


t 
t commercial 
t buildings 


Moderate: 

depth to rock, 
shrink-swell, 
low strength. 


Severe: 
slope. 


Severe: 
wetness, 
floods, 
shrink~swell. 


t 

{ 

{ 

{ 

i 

t 

{ 

{ 

{ 

{ 

t 

| 

{ 

! 

! 

{ 

t 

j 

{ 

{Severe: 

{ shrink-swell, 
low strength, 
t 
{ 
t 
{ 
{ 
i 
4 
i 
i 
i 
i 
{ 
4 
4 
{ 
{ 
{ 
4 


slope. 


Severe: 
shrinkeswell, 
low strength, 
wetness. 


Severe 
shrink-swell, 
wetness, 
low strength. 


1 Local roads 


t and streets 


vere: 
ow strength. 


we Oo 


derate: 
hrink-swell. 


= 
ao 


wetness, 
floods, 
shrink-~swell. 


low strength, 
shrinkeswell. 


Severe: 
shrink-swell, 
low strength. 


shrink-~swell, 
low strength. 


ALLEN COUNTY, KANSAS 


TABLE 9.--CONSTRUCTION MATERIALS 


["Shrink-swell" and some of the other terms that describe restrictive soil features are defined in the 


Glossary. 


See text for definitions of "good," "fair," "poor," and "unsuited"] 
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Soil name and ‘Roadfill 


map symbol 1 
Bates: ! 
Bay Bb, Beswnnnnncnnn {Poor: 
{ thin layer. 
a 
t 
Catoosa: ! 
Ca, )  2Channnnnnennn 1Poor: 
f low strength. 
4 
t 
Collinsville: ! 
Ce: i 
Collinsville part-~~-~] Poor: 
{ thin layer. 
4 
4 
Bates part—-~------— {Poor: 
{ thin layer. 
! 
Dennis: 4 
Day Dd nermmntnn en erer emo {Poor: 
low strength, 
shrink-swell. 
Ie: 


{ 

! 

{ 

t 

{ low strength, 
shrink-~swell. 
{ 

! 

! 

! 


Eram: 
Bay Eby Et nnnnencncncnn {Poor: 
t low strength, 
{ shrinkeswell, 
{ thin layer. 
t 
Kenoma: t 
Kann nmcmmccmecmemmcen | Poor: 
shrink-swell, 
low strength. 
Leanna: 


wetness, 
shrink-swell, 


{ 

{ 

t 

{ 
Lannnnnnnnnnnane amnnm } POOr 

t 

1 

low strength. 

4 


low strength, 
shrink-swell. 


Nowata: 


N mec meme meee memes mee meme mu ne meceme 


t 

4 

t 

1 

{Poor: 

! low strength. 
t 

Olpe: { 

Vd nnnnnnnnnnnnnnnnan {Moderate: 
{ shrink-swell. 
} 


See footnote at end of table. 


{ 
Sand 4 Gravel 
4 


Unsulted----- nnn nnn LUNSULt edannnnnnnemenm | Good. 
{ 
Unsuit edeennnnnnnann ~~{Unsuited-~------— awwne | Pair: 
thin 
{ 
t 
{ 
Unsuited~--~- me ormeomores | UNSULL Cd mermeneemirrevmrmenmen | POOF S 
thin 
area 


Unsuit edennannannnnne| UNSULL Cdennnnnnennnnn 


! 
! 
t 
! 
{ 
t 
t 
! 
t 
t ! 
t 
t 
4 
t 
! 
t 
{ 
{ 
{ 
{ 


Unsult edannnnnnnnannen | UNSUL Led aman nmn | Pair: 
thin 
UNSULtedennnnnnnncnnne | UNSULL Ed een nnn en {Fair: 
H } thin 

t i 

{ 
Unsuitedannnannannncn lUnsuited~n--nsnenncenn {Poor: 
{4 thin 

{ { 

! { 

{ t 
Unsuited------nnnnenn PUnsuitedannnannnennnn| Pair: 


thin 


Unsui ted ~---nnnnnnenn {Unsuited--~------ nn {Poor: 


cases anes write cain wo te we de nen on oe a oe ee ne i ae oe a oe Oe en el ne ee me ee te ea Oe ma ee ne et ee ee pt ee ei ed a oe pe pi ee oe ne a ee te oe nt ee tn oe ee et i 


{ { 


t 
{ too clayey. 
4 
i 
t 


Topsoil 


layer. 


layer, 
reclaim. 


layer. 


layer. 


layer. 


layer, 


Un SULtedwnnnnnnnnnnnn | UNSULL Ed mn nnn nnn tPoor: 

H { thin layer. 

{ { 

t { 

t { 
Unsuited--nnnnnnncnnn {Unsuited-~----------— -1!Poor: 

} { wetness. 

{ { 

t { 

t t 

t { 
Unsuitedqnnnanncnnena! UNSULLEd mmm nmnmemnenn | Fair! 

} { thin layer. 

H { 

{ { 

| | 
Un SUL tedannnnnnnnnannn | Poor: {Fair: 

{ excess fines. small stones. 

4 

t 

4 4 


{ small stones. 
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TABLE 9.~--CONSTRUCTION MATERIALS-~~Continued 
{ { t 


Zay Zi emmmnnnnnmnnann | POOL! 
{ low strength, 
t shrink~swell. 
hn a he i eS ee 
Ithis mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the 


composition and behavior of the whole mapping unit. 
Rock outcrop not rated. 


too clayey. 


t 
Soil name and { Roadfill i Sand H Gravel t Topsoil 
map symbol i t i t 
Paesras RR Ce nee chee env Ri SR an) LOR re oe ea 1 a Nt [SE re rs 
t i t t 
Osage: i ! H t 
OD, OCnrrinncnrnnmnnmen | POOL! LUNSULt edamnmnnnmnmnmen} UNSULE Cd ane nnn nen -~-~{Poor: 
1 wetness, 4 { { wetness. 
1 low strength, t ! H 
{ shrink~swell. Hy H i 
| ! ! H 
Talihina: { | { { 
Tay Thrwrencrnncrnncen cn ‘Poor: {Unsuited~--~--nnnnnne 1 UNSULE Cdenennnnnnnnnnf Poor! 
| low strength, { ! 1 too clayey, 
{ shrinkeswell, i H { area reclaim. 
{ thin layer. 4 1 H 
{ { { } 
Verdigris: { { ! 
Vay Viwrncnnnnce mene | Fair: {UNSULt Cd annmnnmannnnwee | Unsuiteda-annn— women | Good. 
{ low strength. 4 { 
{ { { ! 
Woodson: i { ! 
Wa cnnmennnncnnemnncme | POOr: LUN SUL Ce demnmnmnnmnnment UNSULE Cd annnen enn | Fair: 
1 shrink-~swell, { H } thin layer. 
1 Low strength. 4 i 
t t { 
Zaar: j { 
{ 
| 


| 
! 
' 
UN SUL edannnnnnnnnnnn | UNSUL te danammmnnmenme | Poor: 
i 
! 
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("Peres slowly" and some.of the other terms that describe restrictive soil features are defined in the 


Glossary. 
rate soils] 


See text for definitions of "slight," "moderate," "severe," and other terms used to 


H Septic tank { H Trench { Area 


Soil name and H absorption 
map symbol { fields 
! 
Bates: H 
Ba, Bby Benannnnna~| Severe: 
} depth to rock. 
\ ; 
Catoosa: t 
Cay MCbannnananenen} Severe: 
{ depth to rock. 
{ 
Collinsville: I 
Ice: 
Collinsville part~{Severe: 
{ depth to rock. 
{ 
{ 
' 
Bates part~~--.—.-/Severe: 
{ depth to rock. 
i 
Dennis: ! 
Day Dd mann nme ens iSevere: 
{ peres slowly, 
{ wetness. 
IDe: 4 


Dennis partamn---={Severe: 
{ peres slowly, 
{ wetness. 
i 
Kenoma partennnsn-4| Severe: 
{ percs slowly. 


Eram: { 

Ea, Eby Etnanmannnm | Severe: 
{ percs slowly, 
{ wetness, 
depth to rock. 


Kenoma: 
Rae eerie een {Severe: 
peres slowly. 
Leanna: 4 
Ly Bitenova oie teintied iar ~~{Severe: 
{ peres slowly, 
{ wetness, 
{ floods. 
{ 
Mason: { 
Ma mnnnnnnnnnmnnncnn | Severe! 
4 peres slowly. 
Nowata: 
Nasascnten aie. monnee Severe! 
¢ peres slowly, 
} depth to rock. 
! 
Olpe: 4 
lO anne Sic mesma ~-{Severe: 
t peres slowly. 
{ 
4 


See footnote at end of table. 


| Sewage lagoon 
areas 


Severe: 
depth to rock. 


Severe: 
depth to rock. 


Severe: 
seepage, 

depth to rock, 
slope. 

Severe: 
depth to rock. 


e 
depth to rock. 


Moderate: 
Slope. 


Severe: 


e 
depth to rock. 


Severe: 
small stones. 


SO a ote ate me ne oe ae ete te mee me em me me ee ee ee ae ee ek ee km me ee a el a ne et a a a re ts le et a at ee oe oe 


Moderate: 

Slope. 

Slight -----------~ 
Slight------ ‘aaa 


! sanitary 
! landfill 


Moderate: 


° 
depth to rock. 


Severe: 


e 
depth to rock. 


Severe: 
seepage, 
depth to rock. 


Moderate: 


lo 
depth to rock. 


Severe: 


e 
too clayey. 


Severe: 
too clayey. 


Severe: 
too clayey. 


Severe: 


e 
too clayey. 


Severe: 
too clayey. 


em a i a i ee ee ee ee et ee ee oe 


Severe: 

{ floods, 
wetness, 
too clayey. 


SLI ght annnnnannnn {| Moderate: 


floods, 
too clayey. 


Severe: 
depth to rock. 


Severe: 
small stones, 


{ 
{ 
{ 
i 
4 
1 
{ 
{ 
4 
i 
{ 
4 
t 
t 
t 
t 
t 
. 
too clayey. 


ce ee ice ae ee een me tte ete emt ne me ms te a ei ee te ee a a ae a ee te ee a ne me i pn ne oe nl a nae aed pe oe cet op me eb ee pie mete eit wee eae ewe 


Daily cover 


! 
H sanitary H 
{ for landfill 


H landfill 


t 

{ 

Slight +-~--,.--—{Fair: 

{| thin layer. 


Severe: Po 
seepage. thes layer. 
Slight---.-~-.--~{ Pair: 
thin layer. 
Severe: Poor: 
wetness. thin layer. 
Severe: Poor: 
wetness. thin layer. 


Slight----~---.---{ Poor: 
too clayey. 


Po 


SLight~-nnnnnwnnne}{ Poor: 
too clayey. 


Severe: Poor: 
wetness, wetness, 
floods. thin layer. 


Fa 
thin layer. 


Moderate: 
floods. 


Slight annnnanannn} Poor: 
small stones. 


Poor: 
small stones. 


Moderate: 
slope. 


{ 
t 
! 
{ 
t 
' 
! 
{ 
! 
{F 
pt 
‘ 
! 
{ 
{ 
t 
{ 
{ 
t 
! 
{ 
i 
{ 
{ 
{ 
{ 
i 
{t 
{ 
{ 
{ 
i 
{ 
{ 
{ 
{ 
i 
{ 
{ 
{ 
{ 
{ 
1 
i 
{ 
! 
! 
i 
{ 
! 
i 
{ 
! 
{ 
| 
{ 
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TABLE 10.~-SANITARY FACILITIES~~Continued 


i Septic tank 
Soil name and 1 absorption 
map symbol 4 fields 


Osage: 

Ob nnn nnnmannn mannan | Severe? 

peres slowly, 
floods, 


wetness. 


q 

{ 

{ 

j 

4 

{ 

4 

{Severe: 
4 peres slowly, 
| floods, 
{ 

{ 

4 

d 

‘ 

4 

{ 

t 

{ 


Om tt re rerere en mere ne 


wetness. 


Talihina: 

Tay Th rnnnnncnnnnan{ Severe: 

peres slowly, 
wetness, 


depth to rock. 


Verdigris: 
Vaae ee en en momma | Severe: 
4 floods. 
{ 
VD wm mmm nnnnmonnm | SEVEre ! 
floods. 


t 

t 

Woodson: i 

Wa neenmanemennnnmean} Severe! 
4 peres slowly, 
i wetness. 

4 

t 


Zaar: 
Lay Ldwnnnnanennnnn{| Severe: 
+ peres slowly. 


Ithis mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the 


{ i] Trench t Area 

4 Sewage lagoon | sanitary t sanitary 

H areas landfill { landfill 

t t i 

t { H 

iSevere {Severe: {Severe: 

i floods, { floods, 1 floods, 

4 wetness. { wetness, { wetness. 

4 { too clayey. 

{ 

{Severe: {Severe: {Severe: 

{ floods, { floods, 1 floods, 

{ wetness. 1} wetness, } wetness. 

{ { too clayey. t 

t ! t 

{ ! t 

{Severe: {Severe: {Severe: 

{ depth to rock, { too clayey. { wetness. 

{ slope. { 1 

! t 4 

! ! { 

{ i { 

|Severe: {Severe: {Severe 

floods. floods. floods. 

{Severe: Severe: Severe 

{ floods. } floods. 1 floods. 

{ i t 

| H t 

{Slight----- eee nmens iSevere: {Moderate: 

H 4 too clayey. { wetness. 

{ t { 

! t ! 

! t ! 

iModerate: iSevere: {Moderate: 

{ slope. } too clayey. 1 wetness. 
4 


composition and behavior of the whole mapping unit. 


1 Daily cover 
4 for landfill 


Poor: 
wetness, 
too clayey. 


Poor: 
wetness, 
too clayey. 


hin layer. 


oor: 
too clayey. 


Poor: 
too clayey. 
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["Seepage" and some of the other terms that describe restrictive soil features are defined in the Glossary] 


i} erodes easily.} 


{ rooting depth, 


depth to rock,]} erodes easily, 


i Pond + Bmbankments, | i] H Terraces t 
Soil name and ?} reservoir + dikes, and | Drainage {| Irrigation { and t Grassed 
map symbol H areas 4 levees t 1 diversions i waterways 
] t { H ! 
Bates: { ' ' 
Ba, Bb, Bewmnnnen{Depth to rock, {Thin layerenwn--{Not needed-nw--{Slope, Slope, iSlope, 
{ 
Catoosa: 1 
Ca, 'Chennnnn waew-}{Depth to rock Unstable fill, 
{ piping, 
Hl thin layer. 
t 
Collinsville: H 
Ce: } 


Collinsville t 

Part rnmmnnnaninn | Seepage, 
{ depth to rock. 
4 


Thin layer, 
area reclaim. 


{ 
! 
t 
{ 
{ 
! 
t 
! 
' 
t 
{ 
! 


t 
Bates parte~---—{Depth to rock, 
erodes easily.} 


4 

! | 
{ { 
i ! 


Dennis: 
Da, Db-~---nnnen- {Favorable~~~--~ {Unstable fill, 
t compressible, 
i ! piping. 
{ ! 
De: ! ' 
Dennis part---=—4Favorablean-«-«-{Unstable fill, 
4 compressible, 
piping. 
Kenoma partewn--{Depth to rock {Low strength, 
{ shrink-swell. 
i { 
Eram: 1 
Ea, Eb, Ecwnannaen}Favorablesa----—/Unstable fill, 
i } thin layer. 
4 
t t 
Kenoma: j } 
Kannenmnnnnnnnene| Depth to rock {Low strength, 
{ shrink~swell. 
i ! 
Leanna: { 1 


Lawn nnn nm mmm! FAVOPADLemannwnn{Shrink=swell, 
f low strength. 


Mason 
Ces {| Seepage~nanannn 4Unstable fill, 
4 { piping, 
| { compressible. 
i 
Nowata: Hy { 
Na---nnn nnn mane {Depth to rock {Thin layer, 
{ 4 low strength. 
{ { 
Olpe: H 4 


Odannnnnnnnncnana{Small stones---{Low strength, 
{ shrink-swell. 


{ 
1 1 


See footnote at end of table. 


{Thin layer-~---~ 


erodes ea 


ee 


Not {Rooting de 


droughty. 


needed~-~-~ 


neededwnnn-={ Rooting de 


needed--~--~{ Slope, 


erodes ea 


! 
{ 
{ 
iPercs ae intak 
{ 
1 


{Percs slowly---{Slow intak 


{ 


H 
{Slow intak 
excess sa 


Favorablé------ 


Peres slowly---~{Slow intak 

Favorable------ {Slow intak 
{ excess sa 
H 

Floods, \Floods, 
{ peres' slo 

poor outlets. { wetness. 
{ 

Not needed~~--— {Favorable-~ 


{ 

! 

t 

Not neededannnm{Slope, 

{ droughty. 
! 


i 
Not neededw~.—{ Slope 


1 
{ 
! 
{ 
{ 
! 
{ 
t 
! 
! 
{ 
4 
! 
H 
{ 
t 
{ wetness, 
H 
{ 
H 
H 
! 
i 
H 
t 
! 
t 
t 
{ { droughty. 
t ! 


sily. 


pth, 


pth 


{ rooting depth, 


sily. 


Ennenn 


Conan 


Cy 


lt. 


Qnnan 


ey 
it. 


Wly, 


t 


i 
i 


cm ne en ee ae en en ee ee ne ae ea a ee ee a a ee ee ee a a le ete we oe ne ae ree te 


erodes easily.{ rooting depth. 
t 
! 
Depth to rock, {Rooting depth, 
rooting depth,} droughty. 
droughty. : 


Not needed-~--~-jNot needed. 


Slope, 
depth to rock, 
erodes easily. 


Slope, 
erodes easily, 
rooting depth. 


Peres slowly-#-~ Peres slowly. 


a ea te te pte een pie ie en eee eet te i ete elie aoe rte ae oe 


slowly~--}{Percs slowly. 
! 

slowly~~-{Percs 
{ 

slowly--~~{Percs 


{ 


slowly~-~-|Peres 
a 
{ 


I 
i 
Not needed-~--~ 


Peres 
Peres slowly. 
slowly. 


Percs 


Peres slowly. 


Rooting depth Droughty. 


Complex slope, {Complex slope, 
erodes easily.! erodes easily. 
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t Pond 1 Embankments, } ! } Terraces i 
Soil name and }{ reservoir { dikes, and H Drainage ! Irrigation { and { Grassed 
map symbol i areas H levees { ! { diversions } waterways 
4 q 
i { t i 
Osage: i H H { 
Oby OCnannncennnm| Favorables----={Shrink-swell, {Floods, Slow intake, Percs slowly, Peres slowly, 
{ low strength, ! peres slowly, wetness, wetness. { wetness. 
1 compressible. { wetness. floods. H 
{ i i 
Talihina: { H { 
Tay Thaw none m~---~!Depth to rock Thin layer-~-~-~ iNot needed-----| Slope, Not needed~-~--~— {Rooting depth. 
1 rooting depth, 1 
{ slow intake. H 
{ { 
Verdigris: { t 
Vay Vi nwmnnnmnnnn! SCCPagennmnnann{Low strength,  {FPloodSannannnan| FlOOd Sennannann| FLOOdSmnmmnnmnnn | Favorable. 
a 
t 
i 
s 
ft 
a 
t 
t 
4 
t 
{ 
iy 
t 
4 
t 
! 


! 

{ 

4 

t 
i ! 
{ t 
{ ! 
{ { 
{ t 
{ I 
{ t 
{ ! 
{ t 
{Lo ! 
{ piping. { 
{ t 
{ ! 
{ { 
{ { 
{ t 
{ { 
{ ! 
{ { 
i { 


t 
i 
Woodson: t 
Wa nnnnnnnnwnemncnn | FAvorablenamasn{Low strength, Wetness, Slow intake, Wetness, iPercs slowly, 
shrink-swell. peres slowly. wetness. peres slowly. | wetness. 
1 
Zaar: ! 
Za, Lbnamanannnnn {Depth to rock Low strength, Wetness, Slow intake, Peres slowly, j{Percs slowly, 
t : shrink-swell. percs slowly. wetness, wetness. } wetness. 
1 slope. t 
q 


ar I a a se ee 
Ithis mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the 
composition and behavior of the whole mapping unit. 
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["Percs slowly" and some of the other terms that describe restrictive soil features are defined in the 
Glossary. See text for definitions of "slight," "moderate," and "severe" ] 


re 


Soil name and t Camp areas if Pienic areas 1 Playgrounds 4 Paths and trails 
map symbol H { { ! 
eS ee a ee ee 
H i i i] 
Batés: } H { H 
Bay Boy Bewanennn nnn {SLI ght sneer nnn PSLIght ~~anncnenennn ~-{Moderate: {Slight. 
j H { slope. H 
t i 4 t 
Catoosa: H { i 
CA nena nnn nme PSLight~-------nnnn {Slight ~----nnnennnnnn {Moderate: {Slight. 
4 depth to rock. ! 
t 
Veb-nnannnee nnn n nnn {Slight--~~~~~----+~ {SLight~--~---~~~~~~-+ iModerate: {Slight. 
1 j { depth to rock, H 
i { 4 slope. ! 
i { Hy i 
Collinsville: i { ! { 
Ce: { i { { 
Collinsville part-~-{Moderate: {Moderate {Severe: {Slight. 
{ slope... ! slope. } depth to rock, H 
{ ! | slope. { 
{ { { H 
BateS Part nvrnenrerncnnn {Slight ~~~--------= V SLE Nt eeceirerenerreernens ~-iModerate: {Slight. 
{ t 4 slope. t 
{ { ! t 
Dennis 1. { t { 
Day Ddnwnnenncncennaan {Moderate: ESTA RN wnnmmme mn crmnmmmes {Moderate: {Slight. 
{ wetness, 4 { percs slowly, 1 
{ peres slowly. 4 { slope, 1 
{ { ‘| wetness. j 
! ! { 1 
IDe: { 1 
Dennis part annnenmnn t{Moderate: ISLight---ennwnnnnnnnn {Moderate: {Slight. 
i wetness, H ft percs slowly, 4 
i peres slowly. { wetness. 
Kenoma part ~nemannnn Severe [Slight+~-nnaannan wane {Severe {Slight. 
{| peres slowly. { i percs slowly. 
H t 
Eram: H ao i i 
Ea, Eby ECenncnnnnnne {Moderate: {Moderate: {Moderate: {Moderate: 
f percs slowly, } too clayey. { slope, {| too clayey. 
| too clayey, i } peres slowly, { 
wetness. t 1 wetness. { 
H H { 
Kenoma: t ! { i 
Ka ane nnn mn Severe: {SLi ghtannnananannnns {Severe: {Slight. 
{} peres slowly. { 1 peres slowly. ' i 
! ! 
Leanna H t t 
LO wn nee eeet ce necemr eee {Severe: {Severe {Severe: {Severe: 
1 wetness, 4 wetness. { wetness, 1 wetness. 
{ peres slowly. ; | peres slowly. 
Mason H 1 { i 
Ma we nimmn mi mere meer eter rer eeeres {Severe: {Moderate: {Moderate: {Slight. 
1 floods. 4 floods. { peres slowly, t 
| { | floods. ! 
{ { 4 ! 
Nowata + { ! 
Ve {Moderate: (SLIght nnamnnnnnnnnnnn iModerate: {Slight. 
4 peres slowly. { { peres slowly, ! 
t { 1 depth to rock. { 
t { ' { 
Olpe: H { ! { 
VO a nnnn nnn nnnnenns nen-{ Moderate: iModerate: Severe: {Moderate: 
{ small stones, { small stones. 1 slope. } small stones. 
i peres slowly. 4 
t 4 


See footnote at end of table. 
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pe A 


Soil name and { Camp areas } Picnie areas 1 Playgrounds 4 Paths and trails 
map symbol { 


i 
Osage: { { { 
QD aannennnennnnnnnnnnn | Severe: iSevere: jSevere: jSevere: 

i floods, + wetness, { wetness, { wetness. 

{ wetness, + Floods. { floods, { 

| peres slowly. peres slowly. 

OC mmm mn nerm manne | Severe! Severe: {Severe: {Severe: 

{ floods, i wetness, { wetness, { wetness, 

1 wetness, { floods, 1 floods, 4 too clayey. 

peres slowly. too clayey. percs slowly. 
Talihina: { { { 
Tay Tb-nnnannnnn wan} Severe: {Severe: {Severe: {Severe: 
| too clayey. { too clayey. { slope, { too clayey. 
4 { { too clayey, 4 
: depth to rock. 
Verdigris: { t H { 
Vaansananacesnannae ~-/Severe: {Severe {Moderate: {Slight. 
floods. floods. { floods. | 
: { 
Vi wwnnnnemnncncrmennnn | SEVEre! iSevere: Severe: {Moderate: 
i floods. 1 floods. { floods. 1 floods, 
1 } H ; { wetness. 
{ ' ! t 
Woodson: { | { t ' 
Wannnpnnancnncnncnnnes | Severe: {Moderate: |Severe: |Moderate: 
{ percs slowly. { wetness. percs slowly. wetness. 
ii 
Zaar: i H t 1 
Lay Linnnnnnnnnnnnnnn | Severe: {Severe: tSevere: - {Severe: 
{ percs slowly, too clayey. 1 peres slowly, too clayey. 
i 


f{ too clayey. too clayey. 


\This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the 
composition and behavior of the whole mapping unit. 
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ALLEN COUNTY, KANSAS 
TABLE 13.--WILDLIFE HABITAT POTENTIALS 


[See text for definitions of "good," "fair," "poor," and "very poor"] 


Potential for habitat elements 
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See footnote at end of table. 
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TABLE 13.--WILDLIFE HABITAT POTENTIALS~~Continued 


H Potential for habitat elements Potential as habitat for--~ 
Soil name and ‘Grain jGrasses{Wild {Hard- {Conif-} H +Shallow! Open~ { Wood {Wetland{ Range- 
map symbol } and { and {herba~} wood { erous{Shrubs{Wetland{ water 4 land 1 land { wilde { land 
!seed {legumes{ ceous{trees {plants} {plants } areas { wild~ { wild~ { life { wild- 
crops { lants} } life i life } life 
fl { H t : { ! i i { i 
Verdigris: i t H 4 ! i t { H { { i 
VD ween mmm meteverercr ries {Poor {Fair iFair Good {Good jGood jPoor {Fair {Fair {Good {Poor iFair. 
t i { t { { { t i { { i 
Woodson: ! { { “4 { 4 { { H to { ! 
Waeneannnnnnnenanne}Fair {Good {Poor {Poor +tPoor {Good }{Poor {Good {Fair {Poor {Fair {Fair. 
i 4 t 1 ‘ t { { i t i 
Zaar: H i { i ! { H { t i { { 
7 Aine ataenn iFair {Fair {Fair {Good {Good {Good {Poor {Fair {Fair {Pair {Poor {Fair. 
H 4 i i 4 { H { i t { { 
Lb nmninaccnninncn as {Fair iFair iFair Good {Good jGood {Poor fVery {Pair {Fair ivery iFair. 
t { t { { { t poor. } t t poor. } 


lThis mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the 
composition and behavior of the whole mapping unit. 
Rock outcrop not rated. 
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TABLE 14.--ENGINEERING PROPERTIES AND CLASSIFICATIONS 


[The symbol < means less than; > means greater than. Absence of an entry means data were not estimated] 


H 1__ Classification [Frag- } Percentage passing { { Plas~ 
Soil name and }Depth? USDA texture } { iments 4 sieve number-~ {Liquid } ticity 
map symbol t 1 4 Unified { AASHTO {> 3 3 #4 1 40 =f) 40) 6$ 62000 «fl Limit }] index 
: inches 
t in }{ { { Pot } ! zl t t Pot } 
Bates: t- 1 i { ; { t H i { { ! 
Bay Bbdy BCwmercmmcme} 015} LOAM mmm ctmmmermein ML, CL {And + O 4 100 { 100 {90~ 100155~ 90 § 20-40 { 3-15 
$15~324Loam, clay loam,{ML, CL {A-4, A~64 0 4 100 4 100 {490~100150-85 4{ 25-40 4} 3-30 
{ sandy clay t { t { ! { t ! ! 
t 4 loan. { { { t t ! { { ! 
{ 32 {Unweathered ee ee ee ee Se 
{ { bedrock. i { { t H Hi t H t 
! { t ! t t ! { { t t 
Catoosa: { { t { { { ! { { { { 
Cay 1, 20d wnnemerens 4 OmlI{Silt Lloamennanee IML, CL {An4, A~64 O | 100. } 100 496-100365-97 {| 30-37 | 9-13 
411-164Silt loam, loam,{ML, CL {A-4, 1 0 4 100 4 100 496-100465-98 {1 30-43 | 9-20 
{ clay loam, H { A-~6, i t H i t t t 
{1 silty clay t 1 A-7 { ' i at t { ! 
t { loam. i { { t 1 { t { H 
116-274{Silty clay loam,{CL {A-6, A~7} 0 4 100 } 100 196-100480~ 98 } 33-43 } 12-20 
{ { clay loam. { { 4 H H t H i 
{ { i { H { ! i t H ! 
Collinsville: t 4 i { { 1 { { 4 q t 
Ge: i i H { { t t { 4 t { 
Collinsville ee 0-7 {Fine sandy loam j{SM, SC, {An4 0-3 aa Ge at =95 oe | <30 peas 
fl ML, CL } 
| 7-15}Fine sandy loam,{SM, SC, {A~4 4 3-40 180~100}60~100160-95 4136~75 | <30 |} NP-~10 
t 4 loam, extremely} ML, CL 4 H 4 H 1 t t { 
H 1 stony fine t { { t t { t H t 
H 4 sandy loam. f { H } i { i } i 
i 15 {Unweathered i 
eae ee Sa ee ee a oe 
BateS Partarncencrne$ Om 15 | LOAM mene cecercenenee IML, CL {A-4 4 0 $100 4 100 490~-100155-90 } 20-40 { 3-15 
$15-32{Loam, clay loam,{ML, CL {A~4, A~6/ 0 # 100 4 100 {90~100150-85 { 25-40 { 3~30 
} sandy clay i { 4 H ! { { t t 
! { loam. t { { { ! { { { { 
{ 32 {Unweathered ee a ee 
i 1 bedrock. 4 4 i } H { 4 i { 
! 4 { { { H t { { t 
Dennis: t t 1 { 4 ! ! t i H { 
Day Ddnremennncane| O-10$SiLt Loammnnnncn IML, CL, {An4, Aw~64 0 4 100 }$ 100 {96- ton} 65- 97 § 20-37 { 1-15 
i i 1 Cl-ML { 1 ' i. ! 
440-194Silty clay loam,!CL 1A-6, A-7/ 0  498~100198-100194~ ere 98 4 33-48 4 13-25 
1 { clay loam. r 4 { 4 H { i { 
$19~60{Clay, silty 4CL, CH,’ {A+7, A~64 0 498-100198~100{94-~100175~-98 4 37-65 } 15-35 
H 1 clay, silty 4 ML, MH 4} H i { i H H t 
H } clay loan. { { i 4 t t { ! H 
{ { t { 2 { { t { i t 
De: t 4 H { i { t i t Hy i 
Dennis part-~-~-~ i 0-104Silt loam-~-~~~-~ ML, CL, j{A-4, A~61 0 100 i 100 a a ; 20-37 { 1-15 
t 7 CL~ML 4 t t t 
1410~194Silty clay loam,{CL {A-6, A-71 0  4$98~1004198~100}94-~100175-98 } 33-48 ¢ 13-25 
H } clay loam. { i { i t i 4 { 
119-60{Clay, silty ACL, CH, {JA=7, A~64 0  498-100198~100/94-100175~98 { 37-65 ¢ 15-35 
t { clay, silty i ML, MH { t { t t 1 t {° 
clay loam. 1 i { 
t 
Kenoma part---~—~ } 0-8 #Silt Loam~~~-~~- ML, CL 4A~4, A-64 0  $85~100385~100185~100{85-100} 25-40 { 5-20 
{ 8-32}Silty clay, clay{CH {A~7 a!) 485~100185~100}85~100185-100} 50-65 4 30-45 
$32-60{Silty clay, HCL, CH +{A~7 4 0 485~100}85~100475-1004{75-95 { 45-60 | 25-40 
! { silty clay { { { H t { { t i 
{ 1 loam. 1. { 4 { { t { t t 
! i { t t { t { 1 t t 
Eram: H { { ! t { t { { H t 
Ea, Eby ECwnnnnnen { 0-8 {Silty clay loam {ML, CL {A~6, A-Tt 0 185~100185~100185~100175-95 ¢ 33-48 | 12-25 
1 8~30/Clay, silty 4ML, CL, {A~7, A-64 0 495~100195-100190~100{85-98 {| 37-65 4 15-35 
{ i clay, clay { CH, MH f t { { 4 { { i 
{ _{ loam. 4 { t+ 4 4 { ! H ' 
$30  !Weathered { a ee ee re Os re ce 
t 1 bedrock. t ! H i t t { { H 
H H i t { { i { { t 4 


See footnotes at end of table. 
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TABLE 14..-ENGINEERING PROPERTIES AND CLASSIFICATIONS-~Continued 
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end of table. 
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TABLE 14.=-ENGINEERING PROPERTIES AND CLASSIFICATIONS-~-~Continued 


{18-60{Silty clay, H 
{ 4 olay, silty H 
{ { clay loam. 4 


H ! {_ Classification {Frag } Percentage passing i ? Plase 
Soil name and iDepth}? USDA texture j{ | tments { sieve numbera- {Liquid | ticity 
map symbol t 4 {4 Unified { AASHTO | > 3 4 4 } 10 + 4oO f 200 } limit { index 
H finches} i i 

i in |] t t 1 Pot j H H { f Pet t 

Woodson: } { H H H H { i { 1 
Wa crm ne nement eco cen eens nee mt 048 {SiLt Loamenennnn ML, CL fAm4, An6i 0 4 4100 4 100 $90~100}85~-100} 25-40 { 5-20 
4 8-31{Silty clay, clay{CH {A-7T~6 t 0 4-400 4$95~100495-100190~100} 50-65 } 30-45 
131-60'Silty clay, {CH, CL {A~7-6, 4 0 { 100 195-100}95~100190~100} 45~60 $ 25-40 

! { clay, silty t 1 An6 1 { H { { ! 

i { clay loam. { { ! { 4 { { { 4 

t { t ! t { { { { t { 

Zaar: H { i { to 3 Hl { i { t i 
Lag LD remem ene £ Om18¢SiLty Claywwnnnn {CH {Aw7 1 0 4100 ¢ 100 495-100{90-95:1 50-70 { 25-40 
CH {N-7 tf 0 4 100 4 100 $95-100190-95 $ 50-70 } 25-40 

4 { { { ! t 4 

{ ! { i t t { 


Ithis mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the 
compgsition and behavior of the whole mapping unit. 

2Rock outerop part not rated. 

3Nonplastic. 


SOIL SURVEY 


TABLE 15.~--PHYSICAL AND CHEMICAL PROPERTIES OF SOILS 


The symbol < means less than; 


The erosion 


> means greater than. 


Absence of an entry means data were not estimated] 


tolerance factor (T) is for the entire profile. 


[Dashes indicate data were not available. 
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See footnote at end of table. 
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TABLE 15.-sPHYSICAL AND CHEMICAL PROPERTIES OF SOILS~-Continued 


] ! {Available} ] 1 Shrink~ {_Risk of corrosion | Erosion{Wind 
Soil name and {Depth} Permea~ {. water }{° Soil {Salinity} swell {Uncoated } {_factorsierodi~ 
map symbol { { bility {capacity jreaction } potential | steel {Conerete { K { T {bility 
rou 
in | iIn/hr { In/in { pH tMmhos/em} { { t tof 
Osage: ! { | { ‘ ! { ! j { H 
OD wrmrmennene nee ne nemems meen wef 0-184 <0.06 }{0.21~0.23} 5.6-7.3 } <2 {High~~---+ {High----- {Moderate fam- Jwewe{ 4 
pee <0.06 10-08-0.124 5.6-7.8 <2 Very high Ngee res poor i 
t t { t ; . 
O 0 nnenenenncemeccee 1 0-261 <0.06 {0.12-0.144 5.6=7.3 | <2 {Very high {High--~~-{Moderate f--- f---} 4 
Pa <0.06 peeenars| 5.6-7.8 i <2 ies high ee nanan [prepress oo 
4 t t : 
Talihina: ! { { { { { ! { to 
Tay Thecreccncnnncin 1 0~17$0.06~-0.2 {0.15-0.19} 6.1~7.8 } <2 {High------ {High----- {Moderate 10.371 2 | --- 
117 4 --- ft an- | a re: Stated { -—~ “oo tonnm | t 
! H H 4 i i t t 4 { t 
Verdigris H { { i t { ! ! { H i 
Vay VD reemmncrnenmeenene $ 0-234 0.6-2.0 {0.22-0.24| 5.6-7.3 } <2 {Moderate {|Low---~-- [LOWen nnn Janne Ja--{ 6 
. coe 0.6-2.0 ee 5-6~7.3 <2 rears eee gai me eemcen ae 
Woodson H { { t t H 1 4 i H 
Wa were creer ence ramen ee meee $ 0—8 { 0.260.6 10.22-0.24} 5.6-6.5 } <2 {Moderate |Low-~---— $O.4344-31 6 
4 8-311 <0.06 {$0.12-0.15} 5.6-7.3 } <2 wm | Hi ghee 1 LO Weer cewene -10.32} { 
131-60! <0.2 40.10-0.15} 6.1-7.3 <2 i t{Highanann {Moderate ee | 
{ { i ! 
Zaar { { { i i 4 t i { 4 
ZA y LD mmm rcmerenceven 1 0-181 <0.06 140.120.1841 5-6-6.5 $ <2 {High-~--— [Moderate {0.324 4 4 4 
418-601 <0.06 10.12-0.18} 6.6-8.4 { <2 {Hi ghannnn | LOWen ene 40.324 i 


IThis mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the 
composition and behavior of the whole mapping unit. 
“Rock outcrop part not rated. 
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TABLE 16.--SOIL AND WATER FEATURES. 


[Absence of an entry indicates the feature is not a concern. See text for descriptions of symbols and such 


terms as "rare," "brief," and "perched." The symbol < means less than; > means greater than] 
itHydro~} Flooding } High water table Bedrock + Potential 
Soil name and ! logic! t } frost 
map symbol group } Frequency ' Duration pene H ‘Depth {| Kind hiaaens Wapeiteneas i action 
H ness } 
! 4 t t t i t !iIn |} t 
Bates: I { ! H i { { ! H H 
Bay Bby Bena nnnn i B I NONG wn nnn nen 4 nine i, 4 >6.0 { ane { --- t20-40]Rip~ Moderate. 
i ! 1. { t ! t ! { pablet 
! H { i } H t t { { 
Catoosa: ! ! { { os t { i : H 
Cay Mbannnnnnnne [ Bo {Nonennnnnennn [meen fomn= 1620 f mee fomee $f 20-40tHard jf --- 
{ ! { t t { i ! j { 
Collinsville: 4 ! { { { { H { { { 
Ce: t { i t ! { t H i { 
Collinsville ! { { 4 4 ! t t ! { 
PAP t mamnmcine meen i Cc (pers nae | ane { ane >6.0 on tated ees Cotatel 
t t 
Bates part--~-—- 1 Bo [Nonennnnnnne { ane {ane {>6.0 $ wee | ane {20-40{Rip~ {Moderate 
{ ! ! { t ! { { { pablet 
t { ! { t ! 1 t { t 
Dennis H { t { t t { i { i 
Day DD nanncrrcecncens 1 -¢ I NON Gn n nme ' aan {mn }2.0-3.0}Perched {Dec-Apr{ >60 { -~-~ } nae 
H { ! { ! ! } H | i 
De: H { ! 1 { H { t ! t 
Dennis parteancaa- :o¢ {Noneannannnn or --- ae aa aa or >60 ane | nme 
I 
Kenoma partq---~- 1° 30 [NON ewmn nme 1 nme {men {>6.0 | ane f wee  $ >40 {Hard jLow 
{ | i j 1 i t } { 4 
Eram: { | { { H H H i { H 
Ba, Eb, Eqwannnnnn ioc NON Grn cevee t ann { wne 42.0-3.0}Perched {Dec~Apr} 20~ 4O{Rip~ } we 
i i ! { { ! i H { pable} 
t ! ! i t te { t ' 
Kenoma: i | i { { i { ! H t 
Ka nr neni meer mentee ae?) [NON wwe mere ! nee foane 1 >6.0 J ane { --- 1 >40 {Hard {Low 
i | ! { j { i fer 4 
Leanna H { i i i- { { t { t 
bamswncnincnneh, oD lOceasional {Very brief{Jan~Dec{0.5-2. ey encnce te or >60 ~-- JLow. 
{ ! } 
Mason t t ! 4 H t i ! H i 
Ma wnentnnermercieccies 1B J Rarennannnnn tvery brief{Dec-Apr} 26.0 f man  fimmn | >60 f ane | Soatad 
{ ! ! ! 1 i { t t- 1 
Nowata t { ! { { t { t t Hy 
Na wnnnnem nnn cnc 1 8B PNON EC wwe meres H aan omen 4 660 f ane  f --~  $20-40{Hard } one 
{ ! t { 1 t { { 4 H 
Olpe ! { ! ! { 1 { ! ! { 
lg nnennncenn mene 4 oC LNOonennnnenmen H oo {man {>6.0 $ nan fnwn~ $ >60 | --~ {Low 
H t { 1 { { { H ! i 
Osage } H H { 1 { H { i 
Ob, OGannnennnen— 4 D  }Common~~-~--- ‘Brief to {Nov-May{ 0-1.0{Perched {Nov-May}| >60 | --- {Low 
H { { long. i { 4 { { 4 ! 
H { { Hy 4 t { H { { 
Talihina 4 t i 1 ! { { 4 1. { 
Tay Thenannnnnnnn { D  pNone-~~----- } wn fl mmm =f 200) «Perched |Mar-~Junj{10-20}Rip~ | rated 
4 t 4 { i { { t ' pablej 
{ 4 t 4 i 1 { H i ! 
Verdigris j i H H i 4 { { ! { 
Vay Vinee ne 1 8B tRare to {Very brief{Dec-dun{ >6.0 | --- [een 4 >60 1 --~ {Low 
4 1 common ! { i { { i t { 
{ ! 1 1 i ! { ! | i 
Woodson { i t 4 { { i { i 1 
Wa mein ciiniitn imei 4D JNOn eww nnn nnn 4 ane _— 10.5-2.0{Perched {Dec-~Apri{ >60 | -~- {Low 
{ { t ! { 1 { { } { 
Zaar: ! { } t ! { t 4 t 1 
Za, Ldnnennnnnnnen 4 oD  {None~------- { one aan es -On2. BU DREC gE preenaen >45 Bie em 


~~ 


ltnis mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the 
composition and behavior of the whole mapping unit. 


TABLE 17.--ENGINEERING TEST DATA! 


H 1 } Moisture Percentage less Percentage { Classi- 

H i !_density@ than 3 inches smaller than-~ 2 {_fication® _ 

t t tot passing sieve~-3 }° f ‘2 > | { 

1 : aa 2 H 

t ! t © tl go 7 a tos 
Soil name and } Parent Report { {5a ' 3s ox 13 

location i material number {Deptht Bs | 45 =S {| eS ofAaSHTO } 2 

t t 1 ho f 22 1 No. $ No. | No. $0.05 } 0.0240.005!0.002! & wat bos 
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corner of sec. 7, 
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ITests performed by the Kansas Department of Transportation, in accordance with standard procedures of the American 
Association of State Highway and Transportation Officials (AASHTO) except for the differences specified in footnotes 2 and 3 and 
those described as follows: (1) AASHTO Designation T87~72 (1) is used, but all material is crushed in a laboratory steel jawed 
crusher; (2) the method for determining Atterberg limits differs from AASHTO Designations T89~68 and T90-70 (1) in procedures for 
running the test. Kansas Test Procedure KT~10 describes the test. 

Based on Kansas Test Procedure KT-~12, which differs from AASHTO Designation T99-74 (1). The Kansas procedure utilizes 
separate sample portions to determine points on the curve and has variations in the aging period. 

Mechanical analysis differs from AASHTO Designation T88-72 (1) as follows: (1) no presoaking is given samples prior to 
dispersion; (2) dispersing time is 5 minutes at 7 psi. using an Iowa air tube; (3) AASHTO T133-74 (1) is followed except for sample 
size to obtain SpG for the hydrometer analysis. In the AASHTO procedure, the fine material is analyzed by the hydrometer method 
and the various grainesize fractions are calculated on the basis of all the material, including that coarser than 2 millimeters in 
diameter. In the Soil Conservation Service soil survey procedure, the fine material is analyzed by the pipette method and the 
material coarser than 2 millimeters in diameter is excluded from calculation of grain-size fractions. The mechanical analyses used 
in this table are not suitable for use in naming textural classes for soils. oo 

4aaSHTO classification based on AASHTO Designation M145-66'(1); Unified, on ASTM Designation D-2487-~66T (2). tA 


NRCS Accessibility Statement 


This document is not accessible by screen-reader software. The Natural 
Resources Conservation Service (NRCS) is committed to making its information 
accessible to all of its customers and employees. If you are experiencing accessibility 
issues and need assistance, please contact our Helpdesk by phone at 
1-800-457-3642 or by e-mail at ServiceDesk-FTC @ftc.usda.gov. For assistance with 
publications that include maps, graphs, or similar forms of information, you may also 
wish to contact our State or local office. You can locate the correct office and phone 
number at http://offices.sc.egov.usda.gov/locator/app. 

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its 
programs and activities on the basis of race, color, national origin, age, disability, and 
where applicable, sex, marital status, familial status, parental status, religion, sexual 
orientation, genetic information, political beliefs, reprisal, or because all or a part of an 
individual’s income is derived from any public assistance program. (Not all prohibited 
bases apply to all programs.) Persons with disabilities who require alternative means 
for communication of program information (Braille, large print, audiotape, etc.) should 
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a 
complaint of discrimination write to USDA, Director, Office of Civil Rights, 1400 
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272 
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and 
employer. 
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Kenoma—Woodson—Dennis: Deep, nearly level to gently sloping, 
(al moderately well drained and somewhat poorly drained soils that have 
a dominantly silty clay subsoil; on uplands 


[2] Catoosa—Kenoma—Zaar: Moderately deep and deep, nearly level to 
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moderately sloping, well drained to somewhat poorly drained soils that 
have a silty clay loam and silty clay subsoil; on uplands 


(eq Bates—Dennis—Kenoma: Moderately deep and deep, gently sloping to 


BOURBON 


moderately sloping, moderately well drained and well drained soils that 
have a dominantly silty clay and clay loam subsoil; on uplands 
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Each publication symbol consists of two letters. Neither slope nor 
erosion is shown as part of the symbol. 
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NAME 


Bates loam, 1 to 4 percent slopes 

Bates loam, 4 to 7 percent slopes 

Bates loam, 2 to 7 percent slopes, eroded 

Catoosa silt loam, 0 to 2 percent slopes 
Catoosa—Rock outcrop complex, 1 to 8 percent slopes 
Collinsville—Bates complex, 2 to 15 percent slopes 
Dennis silt loam, 1 to 3 percent slopes 

Dennis silt loam, 3 to 7 percent slopes 
Dennis—Kenoma silt loams, 0 to 2 percent slopes 
Eram silty clay loam, 1 to 4 percent slopes 

Eram silty clay loam, 4 to 7 percent slopes 

Eram silty clay loam, 2 to 7 percent slopes, eroded 
Kenoma silt loam, 1 to 3 percent slopes 

Leanna silt loam 

Mason silt loam 

Nowata silt loam, 3 to 7 percent slopes 

Olpe soils, 3 to 15 percent slopes 

Osage silty clay loam 

Osage silty clay 

Quarry 

Talihina silty clay loam, 5 to 20 percent slopes 
Talihina stony silty clay loam, 8 to 25 percent slopes 
Verdigris silt loam 

Verdigris silt loam, channeled 

Woodson silt loam 

Zaar silty clay, 1 to 3 percent slopes 

Zaar silty clay, 3 to 7 percent slopes 
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CULTURAL FEATURES 


BOUNDARIES 
National, state or province 
County or parish 
Minor civil division 
Reservation (national forest or park, 
state forest or park, 
and large airport) 
Land grant 
Limit of soil survey (label) 
Field sheet matchline & neatline 
AD HOC BOUNDARY (label) 
Small airport, airfield, park, oilfield, 
cemetery, or flood pool 
STATE COORDINATE TICK 
LAND DIVISION CORNERS 
(sections and land grants) 
ROADS 
Divided (median shown 
if scale permits) 
Other roads 
Trail 
ROAD EMBLEMS & DESIGNATIONS 
Interstate 
Federal 
State 
County, farm or ranch 
RAILROAD 
POWER TRANSMISSION LINE 


(normally not shown) 


PIPE LINE 
(normally not shawn) 


FENCE 

(normally not shown) 
LEVEES 

Without road 

With road 

With railroad 
DAMS 

Large (to scale) 

Medium or small 


PITS 


Gravel pit 


Mine or quarry 
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MISCELLANEOUS CULTURAL FEATURES 
Farmstead, house 
(omit in urban areas) 
Church 
School 
Indian mound (label) 
Located object (label) 
Tank (label) 
Wells, oil or gas 


Windmill 


Kitchen midden 


WATER FEATURES 
DRAINAGE 
Perennial, double line 
Perennial, single line 
Intermittent 
Drainage end 
Canals or ditches 
Double-line (label) 
Drainage and/or irrigation 
LAKES, PONDS AND RESERVOIRS 
Perennial 
Intermittent 
MISCELLANEOUS WATER FEATURES 
Marsh or swamp 
Spring 
Well, artesian 
Well, irrigation 


Wet spot 
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SOIL DELINEATIONS AND SYMBOLS 
ESCARPMENTS 
Bedrock VV YY YYW YYW YY YY 


(points down slope) 
Other than bedrock eveveveererersevereveveeneerey 


(points down slope) 
SHORT STEEP SLOPE 
GULLY 
DEPRESSION OR SINK 
SOIL SAMPLE SITE 
(normally not shown) 
MISCELLANEOUS 
Blowout 
Clay spot 
Gravelly spot 
Gumbo, slick or scabby spot (sodic) 
Dumps and other similar 
non soil areas 
Prominent hill or peak 
Rock outcrop 
(includes sandstone and shale) 
Saline spot 
Sandy spot 
Severely eroded spot 
Slide or slip (tips point upslope) 
Stony spot, very stony spot 
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